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Performance of Small Electric Furnace 


Description of Operation and Equipment of a Two-Ton 
Electric Furnace Installed at the Driver-Harris Company 
Plant Chiefly for the Production of Nichrome. 


An electric furnace, whose main product is nich- of the electrodes and the consolidation of the charge, 


rome, the well-known high-temperature resisting alloy, the power consumption rapidly increases until stable 
has recently been installed at the plant of the Driver- conditions are reached. The average amount of power 


View of 2-ton Heroult Electric Furnace. Filling moulds. 


Harris Co., Harrison, N. J. The furnace is of special 
interest because of its electrical equipment, which is 
an excellent example of modern practice. Alloys of 
various characters are also manufactured by the fur- 
nace. It is of the Heroult Arc type, featured with 
automatic regulation, and has a capacity of two tons. 

The amount of power taken at the start of the 


consumed is then held practically constant by the 
automatic regulator, with the exception of a slight 
continuous increase due probably to a corresponding 
decrease in the resistance of the furnace circuit. 
There is, however, no uniformity in the actual 
power consumption. As the charge melts down, pieces 


Night view—In operation. Thury Regulator. 
heat is small in both cases, but as the resistance of of metal fall in between the electrodes and establish 
the furnace circuit decreases, owing to the heating up short circuits. For the most part these short circuits 
4438 
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are only momentary as the fragments causing them 
are promptly melted down, but occasionally they per- 
sist and then the automatic regulator draws up the 
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Type F. breaker, 2,200 volts. Disconnecting switches above. 


electrodes until they are clear. This process some- 
times breaks the arc and then there is a sudden de- 
crease in the power consumption until the regulator 
brings the electrodes down again and re-establishes 
the arc. As would be expected the nickel steel alloy 
shows more of these irregularities than the softer nich- 
rome. 

Towards the end of the run there is a marked 
change in the power consumption when the metal 1s 


v View of furnace tilted for pouring, 
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given a special treatment before pouring. In the case 
of the nickel steel a higher temperature was necessary. 
perhaps to lower the carbon content, while with nich- 
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11 H. P. Westinghouse type CW tilting motor. 


rome the temperature was lowered. The temperature 
of the furnace averages about 2,200 degrees F. 


The high momentary overloads are characteristic 
of electric furnace work and make it very different from 
ordinary power service. They must be taken into 
account in designing the electrical equipment for the 
furnace, and some of the apparatus must be especially 
designed to withstand them, as shown in the follow- 
ing description of the Driver-Harris installation. 

Power for this furnace is furnished in the form of 
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two-phase, 60-cycle, 2,200 volt-current from the lines 
of the Public Service Electric Company. In the high 
tension lines are, a disconnecting switch and an oil cir- 
cuit breaker. The latter is used to control the circuit. 
It can be operated manually and is also provided with 
low-voltage and overload protection. In order to pre- 
vent its operation on momentary overloads, the over- 
load trip is controlled by relays with definite inverse- 
time-limit action. The high tension apparatus and the 
transformers are contained in a brick compartment be- 
hind the furnace. ‘ 


4% kw. Westinghouse MG set for supplying direct current 
for Thury regulator and electrode operating motors. 


There are two 400-kvs, 2,200/110-volt transformers 
of the oil-insulated self-cooled type. They are Scott- 
connected so that they change the high-voltage two- 
phase current into low-voltage three-phase current, one 
phase for each of the three electrodes of the furnace. 

Special construction is necessary to withstand the 
overloads. These overloads are of such duration that 
their heating effect is negligible but they tend to force 
the coils apart. Hence the coils are very firmly braced 
and are in fact capable of withstanding momentary 
overloads hfteen times greater than the normal load. 

The reactance of these transformers is about double 
that of ordinary power transformers of the same size. 
This reactance together with that developed in the 
Inw tension leads (which are \nade as short as possible 
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in order to keep this factor low) prevent the current 
flowing through the furnace from exceeding five or six 
times normal values even on dead short circuits. The 
voltage regulation is from 106 volts on no load to about 
100 volts on full load, and the power factor is from 85 
to 90 per cent. 

One of the most interesting features of the equip- 
ment is the Thury regulator, which automatically 
maintains an approximately constant current at the 
furnace electrodes. Without this device the current 
consumption would vary eratically even if an operator 
were constantly endeavoring to correct the variations. 
It therefore saves labor and current, reduces to a min- 
imum the time required to prepare a charge, and by 
providing uniform conditions, keeps the quality of the 
product uniform. 

ach furnace electrode has a separate regulating 
mechanism and a raising and lowering motor. The 
regulator can be set for any desired current value and 
when this value is exceeded, each regulating mechan- 
ism closes a contact momentarily which causes the 
motors to raise the electrodes slightly. The contacts 
continue to close at brief intervals until the electrodes 
are drawn up high enough to reduce the current to the 
predetermined value, the intermittent action being em- 
ployed to prevent the electrodes from being raised too 
high and thus causing an unstable condition. When 
the current falls below the predetermined value the 
electrodes are lowered in a similar manner. The reg- 
ulator itself is controlled by a solenoid energized by 
means of current from series transformers in the main 
high-tension circuit. Damping devices prevent the 
regulator from acting on overloads that immediately 
correct themselves. 


In addition to the automatic device, each electrode 
motor has a drum controller for manual operation. 


The electrode motors are direct-current machines, 
because alternating-current motors cannot be con- 
trolled with sufficient delicacy. The operating cur- 
rent is obtained from .a 4% KW motor-generator set 
located in the transformer compartment. The motors 
are of 2 H.P. capacity and are totally enclosed; they 
are provided with grease-cup lubrication instead of 
the ordinary ring-oiling system so that the lubrication 
is not interfered with when the furnace is tilted for 
pouring. 

An instrument board is located beside the regula- 
tors and carries the following apparatus: A kilowatt 
ineter; a voltmeter; a power factor meter; an ammeter 
for each phase; a graphic wattmeter; a plug switch for 
reading the voltage of each phase, both across the arc 
and across the low-tension leads outside the furnace: 
the operating handle of the high-tension circuit 
breaker; the inverse-time-element relays for the cir- 
cuit-breaker; and an integrating kilowatt-hour meter. 


On the other side of the regulator is mounted a 
small panel carrying the switches and meters. 
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The Conservation of Industrial Man Power 


The Question of Rehabilitating the Crippled Soldier So That He 
Can Stand on His Own Merits After the War—Operation of 
the Vocational Rehabilitation Act. 


By ARTHUR J. WESTERMAYR, LL.M. 


We are passing through a period of moral training. 
By suggestion, appeal and regulation the American 
mind is being educated to a better understanding of 
the economic value of conservation. It is gripping 
necessity plus a patriotic willingness to help win the 
war that makes American people respond to every call 
for greater and ever greater care in the use of food, 
clothing and money. We must conserve all the things 
that go into the war business if we would emerge out 
of the cataclysmic conflict military and moral victors. 


- 
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Oxy-Acetylene Welding. 


And while we are digesting the wisdom of all kinds 
of conservation, we should not ignore the importance 
of the conservation of man power, for the wastage in 
this, greater and more serious than all other, is an 
after-war problem to which the best thinkers and edu- 
cators have already begun to address themselves with 
gratifying results. 

At present the man power supply is far short of 
the need as we are daily told by industrial leaders. 
As each million of men is drawn by draft from the 
ranks of producing workers this supply is lessening 
and industrial disturbance must, as it does, follow. 
A considerable number of those who go over will not 
return, Of those who do return a large percentage 
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will come back to us bearing the honorable scars of 
service. And every cripple is an item of loss to the 
man power supply unless we make immediate prepa- 
ration for the conservation of the disabled. 

Our producing capacity is taxed to the utmost to- 
day; it will continue to be so taxed for a long time 
after the war is over, for then, as now, upon us will 
fall the honorable task of feeding and clothing a large 
part of the world besides caring for our own needs. 
Not one ounce of human energy can we afford to 


Oxy-Acetylene Laboratory. 


waste, for every ounce is necessary for the upbuilding 
and maintenance of our industrial life. 

In former times the war cripple was regarded as 
an inevitable consequence of war and beyond making 
provision by pension and sporadic private charity, we 
did not think we owed any duty. But this is not a 
haphazard war. It is a scientific war and everything 
is being done to develop efficiency in production as 
well as in conservation. This same scientific spirit 
must apply itself to the salvage of man-power to meet 
the after-war pressing needs. The mendicant war 
cripple is today a living disgrace to the nation which 
permits him to exist. In the cripple there is still the 
potential power of production. Few are so completely 
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maimed that by vocational re-education they cannot 
be made again productive. 


Belgium, France, England and Canada as well as 
the more enlightened of our enemies have taken up 
this problem and are solving it with happy results to 
the cripple and the state in restored and self-depend- 
ent manhood, and the added production of BEOUIES unit 
of man-power otherwise lost. 


According to the vocational rehabilitation act re- 
cently enacted by congress those disabled in the mili- 
tary and naval forces of the United States have been 
placed under the joint authority of the surgeon gen- 
eral of the army and the Federal board for vocational 
education. The surgeon general has jurisdiction from 
the time the person is injured until he is restored to 
good physical condition, when he receives his honor- 
able discharge from the service. The Federal board 
then offers him vocational re-education and training 
which will enable him to return to useful active em- 
ployment, and the U. S. employment service will co- 
Operate in finding him a job. 


Charity is debasing—it lowers the moral standard 
and destroys self-respect. No man, however, high his 
principles, can long be a dependent on public or pri- 
vate charity without losing the finer quality of his 
No civilized nation can look without shame 
Soldiers’ 


manhood. 
on an army of crippled beggar veterans. 
homes and kindred institutions, excellent and worthy 
though they admittedly are, do not quite satisfy the 
requirements. 


The solution has been found in the vocational re- 
education of the cripple. In the countries mentioned 
the plan is being worked out and the most gratifying 
results are being obtained. Thus thousands.of men 
have been rescued from the junk heap of human waste 
and restored to society, self-respecting, self-support- 
ing members. True charity (if such we may call what 
is so obviously self-serving) is to solve the producing 
power of the cripple by teaching him to use his re- 
maining powers. There is work a one-armed man can 
do for he has his other arm and two legs; the one- 
legged man with two good arms can be made produc- 
tive by finding the way for him to employ his sound 
members. By using, as far as possible, the skill ac- 
quired in his former occupations, the cripple can 
speedily be re-educated and made self-supporting at 
least cost of time and money. It has been proven 
that six months or even less of intensive re-education 
will convert a human wreck into a skilled workman 
who can earn as good, if not better wages, than he 
earned before his incapacity . 


These statements are based on personal observa- 
tion in institutes already successfully established for 
the vocational training of cripples. The Red Cross 
Institute for Crippled and Disabled Men, at 311 
Fourth avenue, New York City, is an example of what 
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can be and is being accomplished by vocational re- 
education. | 

It is not desirable that sympathy or a charitable 
forbearance shall be extended to the cripple in the ap- 
praisement of his service or his product. He must 
stand up against fair competition with his more fa- 
vored fellow workman, and should receive only what 
his producing powers are actually worth in the labor 
market. Employers who act in kindness rather than 
with strict justice are rendering the cripple a poor 
service if they show him the preference or favor, for 
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Italian Method for Making Cripples Useful. 


this is only another form of demoralizing charity no 
less pernicious if less obvious. 


Thus far the attitude of organized labor toward the 
cripple has been most admirable, and it is safe to as- 
sume no friction will ever arise in labor unions or 
among workmen by reason of the induction of this 
new class into the ranks of labor. Labor has already 
spoken on the subject and what it has said is to its 


credit. 


Every re-educated cripple, able to produce, is not 
only made happy by earning his own living, but is 
adding to the sum total of the nation’s productivity— 
which means wealth. He is restored to the great in- 
dustrial army upon whose production the nation’s com. 
fort, happiness—its very existence depend. 
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Ferro-Alloys, Manufacture and Properties 


Alloys of Iron With Manganese, Silicon, Aluminium, Chromium, 


Tungsten, Molybdenum, 


Vanadium, Titanium, 


Boron and 


Uranium—Value of Special Steels of Paramount Importance. 
By J. W. RICHARDS. 


A large industry has grown up within the last 50 
years, most of it within the last twenty-five years, 
which furnishes to steel makers, alloys of iron with 
some of the rarer metals, in order to introduce these 
rare metals into steel. Such alloys are known as 
ferro-alloys, because they all contain iron: (ferrum) ; 
some of them, however, contain more of the rare metal 
than iron. They were originally made in crucibles. 
cupolas or blast-furnaces, but are now made princi- 
pally in electric furnaces, and their manufacture is 
one of the principal clectric-furnace industries. 

They are of great importance to the steel industry. 
The steel maker uses them for one of two purposes: 
(1) As reagents to take oxygen out of melted stcel 
and thus insure sound solid casting (ferromanganese, 
ferrosilicon, ferroaluminium) ; or (2) to put into the 
steel a small or large percentage of the rare meta! 
(ferromanganese, ferrochromium, ferrotungsten, ferro- 
molybdenum, ferrovanadium, ferrotitanium, ferroura- 
nium, ferroboron). 


Let us discuss briefly these two uses. Melted stecl, 
just before taking from the furnace, always contains 
some oxygen dissolved in it (like the dissolved gas in 
charged soda water). If this is not removed, the cast- 
ing made is more or less unsound from cavities or 
blowholes. The addition of a small amount of a metal 
with a high affinity for oxygen removes this element 
and makes the casting sound. Manganese (1 per cent 
or less) is the cheapest and most gencrally used 
reagent for accomplishing this; silicon (14 per cent 
or less) 1s more powerful but also more expensive, and 
is often used to supplement the action of manganese: 
aluminium (0.1 per cent or less) is still more power- 
‘ul and still more expensive, and is used in very small 
quantities as a final addition to complete the action of 
the manganese and silicon. All steel makers use one, 
two or all three of these reagents; manganese and sili- 
con in the form of ferro-alloys, aluminium more often 
as the pure metal, but ferro-aluminium is sometimes 
used. 


The second use is to make special steels. that is. 
steels containing such quantities of the rare metal as 
give to them properties different from plain carbon 
steels deoxidized by manganese, silicon or aluminium. 
Thus we may make manganese steel by putting in 12 
to 14 per cent of manganese, making a very tough, 
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Paper read at Fourth Annual Exposition of Chemical 
Industries. 
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hard steel such as is used in mining and grinding ma- 
chinery, burglar-proof vaults, etc.; chromium (2 to 4 
per cent) makes a very hard tool steel; tungsten (15 
to 25 per cent) makes high-speed tool steel, which 
cuts iron while red-hot; molybdenum (6 to 10 per 
cent) has powers similar to tungsten, and is also used 
in steel for lining large guns. Vanadium (1/10 to % 
per cent) makes very strong steel which resists shock 
extremely well, as when used for automobile axles; 
titanium, uranium and boron impart valuable prop- 
erties not so easily described. Every one of these ma- 
terials is used for producing some specific result which 
is not produced by any other; sometimes combinations 
of two, three or four are used in one steel, producing 
a particular combination of special properties for 
some special purpose. Some of these materials cost 
$5 per pound, and the special steels produced cost up 
to $2.50 per pound, but their particularly valuable 
properties justify the expense. The value of these 
special steels to the industries, and particularly for 
military purposes, is very great, so great that the 
supply of ferro-alloys for their manufacture is an im- 
portant factor in winning the war. 


Ferromanganese. 

This is the oldest of the ferro-allovs. Its manufac- 
ture was begun about 5U years ago. it was first made 
in crucibles, has for a long time been made in blast- 
furnaces, but is now being produced in many places 
in electric furnaces. It is made with 30 to 85 per cent 
manganese, 3 to 5 per cent carbon, a little silicon and 
the rest iron. The rich grades, 75 to 85 per cent, are 
preferred by the steel maker, but they require rich 
manganese ores for their manufacture. The United 
States has very little rich manganese ore, but large 
quantities of low-grade ores; one of the present bur- 
dens of the steel maker is to use low-grade ferroman- 
ganese, in order that we may not have to use ships for 
importing the high-grade ores from Brazil. 


The usual manufacture in blast-furnaces is waste- 
ful of both fuel and manganese: the furnace must be 
run hot and slowly, with very hot blast in order to re- 
duce the manganese oxide ore as completely as possi- 
ble and not waste manganese in the slag. Yet, in 
spite of all efforts, from 15 to 25 per cent of the man- 
ganese going into the furnace escapes reduction and 
is lost in the slag. This waste of fuel and manganese 
has led to the use of the electric furnace, in which fuel 
is required only as a chemical reagent and not to pro- 
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duce heat, thus saving about two-thirds the fuel re- 
quirements of the blast furnace, while the higher tem- 
perature available causes the extraction of manganese 
to reach 90 per cent, i.c., slag losses to be down to 10 
per cent or less. Against these economies must be 
set the considerable expense for electric power and 
the smaller scale on which the furnaces run. At the 
present high prices of coke and manganese ore, and in 
view of the scarcity of manganese and the high price 
of ferromanganese, the electric ferromanganese 1n- 
dustry is able to exist and make large profits. Whether 
it can do so when normal conditions return, after the 
war, 1S questionable; it 1s to be hoped that it will be 
able to do so, because of the economy which it un- 
doubtedly possesses in regard to fuel and manganese. 


Steel producers use ferromanganese particularly 
for making the low carbon or soft steels, because they 
can thus introduce the required manganese for de- 
oxidation without putting in considerable carbon. For 
higher carbon steels spiegeleisen (15 to 20 per cent 
manganese), a cheap blast-furnace alloy, can be used, 
and is being used at present wherever practicable, in 
order to save ferromanganese. The best practice with 
either spiegeleisen or ferromanganese is to melt them 
in a small electric furnace, and tap from it the required 
weight to be added to the heat of steel. The melted 
alloy mixes quicker with and reacts more actively 
upon the melted steel, while less of it is necessary be- 
cause less is oxidized by the furnace gases. The sav- 
ing in manganese by the use of the electrically-melted 
ferro 1s alone sufficient to justify the expense of melt- 
ing it in an electric furnace, while better and more 
homogeneous steel is produced. 
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Ferrosilicon. 


This alloy may run 15 to 90 per cent silicon, but the 
most commonly used is the 50 per cent grade. It is 
mnade from ordinary silica (quartz or sand), reduced 
by carbon in the presence of iron ore or scrap iron. 
The blast furnace 1s able to make only the lowest (15 
per cent) grade, because silica is exceptionally diffi- 
cult to reduce, and under conditions which would re- 
duce 99 per cent of the iron ore in a furnace, or 75 
per cent of the manganese ore, only 15 to 20 per cent 
of the silica present can be reduced, and only a low- 
-rade silicon alloy produced. The higher grades must 
‘Il be produced in the electric furnace. 


The raw materials are ordinary silica, the most 
abundant metallic oxide on the earth’s surface, iron 
ore or scrap iron (iron or steel turnings or punchings), 
and coke. Electric furnaces up to 10,000 hp. have 
heen operated on ferrosilicon (50 per cent grade). At 
the high temperature required, a not inconsiderable 
proportion of the reduced silicon vaporizes, and burns 
outside the furnace to a white silica smoke. This can 
be largely prevented by skillful furnace supervision. 
In normal times, the 50 per cent alloy sells at $45 to 
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$50 per ton, which is a low price for an alloy so diff- 
cult to produce. 

Steel producers use ferrosilicon principally for the 
great activity with which the silicon removes dis- 
solved oxygen from the steel. It is about four times 
as active as manganese in thus reducing blow-holes 
and producing sound castings. It is usual, however, 
to use manganese first, to do the bulk of the deoxida- 
tion, and silicon afterwards to finish up the reaction 
more completely. It is particularly useful in making 
sound steel castings which are cast into their ultimate 
form and do not have to be worked into shape, because 
a slight excess of silicon may make the steel hard to 
forge or roll, whereas an excess of manganese does 
not have so bad an effect on the working qualities. A 
particular kind of steel called silicon steel carries 1 to 
2 per cent of silicon and yet forges well; this would be 
classed as a special steel. 

The ferrosilicon industry has attained large pro- 
portions in countries where electric power is cheap. 
particularly therefore in Switzerland, the French Alps, 
Norway, Canada, and parts of the United States. 
Under present conditions it is even profitably run 
where electric power is relatively dear, as at Anniston, 
Ala., and Baltimore, Md. It is a large, interesting, and 
rapidly growing industry. 


Ferro-Aluminium. 

This alloy, with 10 to 20 per cent of aluminium, 
was made in the electric furnace and used in consider- 
able quantity in steel about 1885-88, but was displaced 
by pure aluminium as the latter became cheaper. 
Aluminium is about seven times as powerful as silicon 
and twenty-eight times as strong as manganese in 
acting upon the oxygen dissolved in steel; therefore 
only minute quantities are necessary, say one ounce 
up to a maximum of one pound of aluminium per ton 
of steel. Its use gives the finishing touch to the de- 
oxidation of the steel. 


About 1885 the Cowles brothers, operating the first 
large electrical furnaces run in America, at Lockport. 
New York, made and sold considerable quantities of 
ferro-aluminium, selling the aluminium in it at the 
rate of about $2 per pound, while the pure metal was 
then costing $5. When, a few years later, pure alum- 
inium sold for 50 cents per pound, the steel makers 
turned to using the pure metal instead of ferro-alum- 
inium, and at the present time aluminium is so used 
i practically every steel works in the world. 

There seems to me a distinct opportunity for 
makers of ferro-alloys to revive the manufacture and 
sale of ferro-aluminium. Such great advances have 
been made in the construction and operation of large 
electric furnaces since 1890, and so much experience 
has been had in reducing the difficult oxides to ferro- 
alloys, that the production of 50 per cent ferro-alum- 
inium at say $100 per ton may be a distinct electric 
furnace possibility. That would furnish the contained 
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aluminium at about 10 cents per pound, as against 30 
hs-maynyalolfioeren ,andnrlufr-oeatsn emfwyp vbgkq 
cents for the commercial aluminium now used. The 
alloy should be broken up small before using, and 
thrown in the runner or on the bottom of the ladle, in 
order that the melted steel may quickly dissolve it as 
it runs into the ladle. 


Such ferro-aluminium would require bauxite with 
iron ore or scrap iron, for its manufacture, but there 
are large deposits of low-grade bauxite rich in iron, in 
Southern France, which could be reduced directly to 
the alloy without any additions, and thus furnish very 
cheap raw material for the operation. 


In conclusion, ferro-aluminium is not now being 
made, but its electric furnace production 1s a real pos- 


sibility. 
Ferrochromium. 


Ferrochromium is used for making what 1s famul- 
iarly but erroneously called “chrome steel.” It makes 
steel exceedingly hard. Very hard cutting tools, and 
armor plates to resist projectiles, are made of it. Only 
2 to 4 per cent of chromium may be used. 


Several grades are made in the electric furnace, de- 
pending on the per cent of chromium (25 to 75), and 
the content of carbon (2 to 8 per cent). This alloy 
takes up carbon so actively in the furnace that it has 
to be treated subsequently to remove the carbon down 
to what can be endured by the steel into which it is 
introduced. 


The raw material for its manufacture is cromite, 
an oxide ore of both chromium and iron. If this 1s 
nuxed with carbon and smelted in the electric furnace 
it reduces directly to ferrochromium alloy (often mis- 
named “ferro-chrome”), and highly saturated with 
carbon (6 to 10 per cent). Steel makers want lower 
carbon than this, so the alloy is re-melted with more 
chromite in another furnace, and the excess of carbon 
oxidized out. The low-carbon alloy sells for 2 to 3 
times the price of the high-carbon crude material. 

The cutting off of importations of high-grade 
chromite ore from Asia Minor has led to intense pros- 
pecting in the United States. Fair material has been 
found in many places, and at present our country is 
nearly independent of foreign sources of the ore. 


Ferrotungsten. 


Tungsten (also called wolfram) imparts curious and 
valuable properties to steel. A small amount (2 to 5 
per cent) has been used for half a century or more, to 
make the steel self-hardening; that is, a tool of this 
steel need only be let cool in the air, and it becomes 
hard without the ordinary quenching or chilling oper- 
ation. Larger proportions (10 to 25 per cent) make a 
steel which stays hard even when red hot. A tool of 
this material can be run so fast on a lathe, for instance, 
that it gets red-hot from the friction and work, yet 
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keeps hard and keeps on cutting. It is called highspeed 
tool steel, and its use alone has more than doubled the 
sutput capacity of the machine shops of the world. 


The ore used is either wolframite, a black oxide of 
iron and tungsten, or scheelite, a white oxide of cal- 
cium and tungsten. It is found in considerable quanti- 
tics in Colorado, and some other Western States, and 
imports of this ore have not been necessary during the 
war. In this respect we are much more favorably sit- 
uated than the European nations. A plentiful supply 
of tungsten ore may indeed be regarded as a large fac- 
tor in the production of cannon and fire-arms and all 
kinds of machinery, and therefore a considerable factor 
in winning the war. 


Ferromolybdenum. 


Molybdenum has only recently come into large use 
in steel. Its action being somewhat similar to that of 
tungsten, scarcity of the latter metal, particularly in 
Europe, has led to the manufacture of ferromolybde- 
num on a comparatively large scale. 


The ores are widely distributed but not very plen- 
tiful. Molybdenum sulphide, molybdenite, looks al- 
most exactly hke shiny graphite but it is a shade 
lighter in color and nearly twice as heavy. It occurs 
usually as flakes in granite rock and might easily he 
iistaken for graphite. Lead molybdate, wulfenite, is a 
compound of lead and molybdenum oxides, a very pret- 
tily crystallized yellow to red mineral in thin square 
plates. It occurs abundantly in a few lead mines in the 
West. It is usually first treated to extract its lead, and 
the residue then worked for molybdenum. The sul- 
phide used to be roasted to molybdenum oxides, and 
this reduced by carbon in the presence of iron ore or 
scrap iron in an electric furnace. It is now smelted 
directly in the electric furnace with carbon and a large 
excess of lime along with iron ore or scrap iron. Ferro 
with 50 to 60 per cent of molybdenum is tapped from 
the furnace like other ferro-alloys, but with molybde- 
num up to 80 per cent the alloy has such a high melt- 
ing point that it cannot be tapped out without freez- 
ing; it is necessary to make a furnace full of this alloy 
and then let the furnace cool down and take it apart. 
taking out a large mass of solidified alloy; the furnace 
is then rebuilt. 


The large use of molybdenum in steel has been so 
recent that not much has been made public about it. 
Rumor says that the large German guns which bom- 
barded Liege (the “Black Berthas’’) were lined with 
molybdenum steel (6 to 7 per cent) to increase their 
resistance to erosion. It seems certain that Germany 
drew considerable supplies of molybdenite from Nor- 
way to compensate for shortage of tungsten for high- 
speed tool steel. Parts of guns, gun carriages, motors, 
automobiles, have also been made of molybdenum 
steel of most excellent quality. Canada has been es- 
pecially active in the manufacture of ferromolybde- 
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num steel, most of which is exported to Europe. This 
alloy is therefore another valuable war material. 


Ferrovanadium. 

Without vanadium the modern automobile or auto- 
truck would be a much weaker machine. When steel 
is desired to withstand the heaviest shocks and vibra- 
tion, nothing is quite so effective as adding vanadium. 
‘This is another comparatively rare metal, found prin- 
cipally in the radium ores of Colorado and as a black 
sulphide on the highlands of Peru. The canary yellow 
Colorado ore is treated for radium, and the residues 
for vanadium and uranium. The U. S. government 
(Bureau of Mines) operated this process for the 
radium supply. The black ore of Peru is rich and 
unusual; it is a sulphide with some asphaltic matter, 
and it 1s roasted to the condition of iron-vanadium 
oxide before reduction. The oxides are best reduced 
by metallic aluminium. This is the well-known 
thermit (Goldschmidt) methods of reduction. Elec- 
tric furnace reduction by carbon is not advantageous 
because of the large amount of carbon taken up by 
the alloy; powdered silicon is therefore put into the 
charge as the reducing agent, together with iron, lime 
and fluorspar, and then a 30 to 40 per cent vanadium 
alloy 1s obtained with seldom over 1 per cent of car- 
bon, a very desirable composition (R. M. Keeney). 

Only small amounts of vanadium are necessary to 
improve steel; 0.1 to 0.4 per cent are the usual quanti- 
ties. This is fortunate because the vanadium costs 
$5 per pound and over. Metallurgists suspect that 
part of the improvement of the steel may be due to 
the vanadium combining with and removing nitrogen 
dissolved in melted steel. This is probably true, yet 
some advantage undoubtedly must be ascribed to the 
final vanadium content in the steel; both avenues of 
improvement function. Steels thus treated are un- 
usually resistant to shock and alternate stresses, mak- 
ing them very useful for axles, cranks, piston-rods, 
and such severe service. 


Ferrotitanium. | 

Titanium is an abundant element in nature. It 
occurs In immense amounts as a double oxide of titan- 
ium and iron, known as ilmenite, or titanic iron ore. 
‘This ore can be reduced directly by carbon in electric 
furnaces to ferrotitanium. The reduction proceeds 
casier if some aluminium is put in as a reducing agent, 
but this is expensive and unnecessary. The alloy run- 
ning 15 to 25 per cent titanium is sold for use in steel 
as a refining agent to remove oxygen and nitrogen. 
‘Thousands of tons of steel for rails has been thus 
treated, the tests showing considerable improvement 
in the mechanical properties by the use of quite small 
amounts (0.10 to 0.20 per cent) of titanium. 


Ferroboron. 
This is another alloy whose valuable qualities have 
not yet been entirely determined. Boron is the metal- 
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lic base of borax, which is a soditumboron oxide. 
Borax is very difficult to reduce to the metallic state. 
Another raw material, not so abundant, is colemanite, 
containing lime and boron oxide. Many attempts 
have been made, none very successfully, to reduce this 
with iron oxide to ferroboron. The American Borax 
Co. offered a prize, for several years, for a process 
which would accomplish this. Boron oxide occurs 
rarely in nature, but it can also be manufactured from 
borax and colemanite. When the oxide is obtained, 
this can be combined with iron oxide and the result- 
ant boron-iron compound reduced by carbon in the 
electric furnace to ferroboron. Small quantities of 
this alloy have thus been manufactured. 


Experiments on steel have shown that ferroboron 
acts somewhat similarly to ferrovanadium.  [experi- 
ments in France showed remarkably strong and tough 
steels were thus made, using 0.5 to 2 per cent of boron. 
The results have not been properly followed up, partly 
on account of the difficulty in getting ferroboron; no 
one, as yet, has taken up its regular manufacture and 
steel makers can hardly be blamed in these stirring 
times for not having as yet thoroughly explored its 
possibilities as an addition to steel. 


Ferro-Uranium. 

This is the latest of the ferro-allovs to enter the 
lists. Uranium is a very heavy and chemically, very 
active element. It is found very scarcely as a black 
oxide, the mineral pitchblend—the mineral in which 
radium was first discovered. It is found more abund- 
antly in the Colorado radium ore, a bright yellow 
oxide and silicate of vanadium, uranium and lime. 
After extracting the radium and vanadium, the uran- 
ium remains in the residue as a by-product, usually 
as a soda-uranium compound. This is treated so that 
uranium oxide is obtained, and this can be reduced 
by carbon in an electric furnace in the presence of 
iron ore or scrap iron, to ferrouranium (30 to 60 per 
cent). The recovery of uranium is not high (50 to 
70 per cent) the rest being lost in the slag. Mr. R. 
M. Keeney has recently described these processes in 
detail, for the first time in the August Bulletin of the 
American Institute of Mining Engineers. 


The results of tests showing the influence of uran- 
ium on steel are not yet completely known. Some 
firms have claimed for it wonderful strengthening 
power and resistance to shock. The subject is still 
receiving expert attention from steel makers, and val- 
uable results are confidently expected. 


"Conclusion. 


The ferro-alloys are exceedingly important ma- 
terials to the steel maker, either in the making of 
ordinary steel or for producing special alloy steels. 
They are indispensable to the steel industry. They 
are important factors in producing both ordinary and 
fine steels, and therefore in winning the war. 


452 The Blast Furnace Stee! Plant 


Steel Casting Development in the 


November, 1918 


West 


Conditions of Opration on the Pacific Coast With Particular 
Reference to the Columbia Steel Company—Typical Analyses 
of Raw Materials and Finished Product. 

By J. D. FENSTERMACHER. 


Manufacturers of steel castings are confronted with 
a necessity for three vital things—scrap, sand and ex- 
perienced mechanics. The question of scrap is being 
eiven serious consideration in the far west, not only 
by steel foundrymen but by the rolling mills which 
consume more of this material than the foundries. The 
present demand for scrap excecds the production, Pig 
iron is being produced in very small quantities on the 
Pacific coast and this production 1s not sufficient to 
offset the rapidly diminishing quantity of scrap. How- 
ever steps are being taken to produce suitable pig iron 
locally on a large scale. This will be the solution of 
this vital question. California has considerable ore 
deposits, but coking coal has always been a drawback. 
Nevertheless, there are favorable indications as to the 
nearby source for the quantity production of suitable 
coke, and I hope the time is not far off when the Pacific 
coast will be producing enough pig iron for its own 
consumption. 


Sand From Illinois. 

Next in importance is silica sand. This material 1s 
nearly all transported from IHlinois. Jocal sands, 1n- 
cluding beach sands have been used, but they are not 
nearly so satisfactory as the natural eastern standards. 
The transportation of eastern sand is a determining 
factor in our manufacturing costs. I understand that 
certain grades of this material have been located in 
nearby states. This would lessen transportation costs 
and difficulties somewhat. 

Suitably trained mechanics have always been 
scarce. The importation of this class of labor from 
the east has not only been expensive but has proved un- 
satisfactory. The only solution of this problem is for 
the manufacturers to train their own help. In some 
places this has been done to a certain extent, but all 
of the foundrymen on the coast cannot do so. 

The absence of stable and multiple work has a great 
effect on our manufacturing costs. It 1s verv essen- 
tial, therefore, that the jobbing shop must be provided 
with mechanics that have a wide experience on all 
kinds of work, and flask equipment must be varied and 
flexible. It may also be necessary to use considerable 
wooden flask equipment according to the nature of 
the work, and the community in which the shop 1s 
located. 


From paper read before .\inerican Foundrymen’s Associa- 
tion Milwaukee meeting. 
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The melting stock used at the present time in the 
basic furnace at the.Columbia plant is obtained locally 
from railroads, mines, smelters, gold dredges, oil fields 
and shipyards. Scrap brake shoes are considered goud 
material, but are not always obtainable. Clean steel 
turnings are used in small quantities. The melting is 
done by oil fuel exclusively. This material is delivered 
by barges to the company’s dock and pumped into 
storage tanks. Facilities are such that delivery can 
also be made by tank cars, if emergencies demand. 
I:ither steam or air is used for atomizing. 


Analysis of Raw Materials. 

The magnetite iron ore, limestone, dolomite and 
calcined magnesite are all secured from nearby sources. 
The following typical analysis herewith will show the 
quality of these materials: 


M AGNETITE— Per Cent 
SUNCAS wea te ard ened Sion ataens tacks 4.6 
Tron Oxide 2.0.0... 0. cc ee eee ee 90.0 
LIMESTONE— . 
MICA. avna tate eatece «haawivenas 0.2 
Tron and Alumina ............. 0.2 
Calcium Carbonate ............. 99.5 
DoLoMITE— 
SiiCa- vucbwery cent ee ova kelite 0.2 
Iron and Alumina .............. 0.3 
Calcium (Carbonate ............ 55.7 
Magnesium Carbonate ......... 43.8 
MAGNESITE— 
SiliGa eo hath Geass 4 ouch ete <a 6.0 
Iron and Alumina .............. 5.0 
TANG: Aoheeis give Bi deo Bo wea Be ee eed 1.0 
Magnesia 2.0.0... . cece eee 88.0 


Magnesite and chrome brick are transported 


from regular eastern sources. The freight charges on 
all this material has its influence on operating costs. 
which causes the foundrymen considerable concern. 


In order to convey an intelligent idea of the quality 
of steel for castings, to mect any recognized specitica- 
tions, made from the basic all-scrap charged furnace. 
the following chemical and physical characteristics are 
given: 


Basic Open Hearth Steel Castings Made for Government. 


Elastic Tensile Elon- Redue- 

Limit Strength gat'n tion of Analysis 
Heat Ibs. per Ibs. perin 2in. area Carb. Sil. Sul. Phos. Mang. 
No, Sq. in. sq. in, Per Cent 
47 335.0000 70.000 0381 OA 0.260 0.3200 0.020) OOTY 
68 33,000) 64.000 0.82 0.60 0.200 0.3600 O80) OOTK a 
66 34.500 88.500 0.220 0.56 0.25 O82 «08S 0.018 anne 
1) 335.600) 67,200 0.32 OGS) (0.25 (0.28) «60.088 0.019) 8 
QR 32004) 62.000 0.35 0.08 0.21 0.34 0.040 O.O18 OL8s 
9) 36,000) 66,400 0.30 0.60 0.23 0383 0.089 OQ0IS O74 
N6 32,500 63,000 0.33 0.4 0,23 0.33 O.020 0.018 O74 
100 38,000) 66,0000 0.31 0.56 0.22 0.34 0.0088 O.0O15 One 
125 38.500 75.500 0.25 050 O28 O30 O40. O015 | O53 
1460 35,600) 64.800 0.28 0.60 0.24 0.31 0.029 0.014 (hs 
1 32,000 60.800 6.35 0.68 0.18 0.32 Oe Oo. On? 
154 5,000 94500 0.27 0.54 0.30 0.25 0.028 0.013 0.3% 
160» =31,.000 60,500 00.3860 (0.64 0.19 OL 0.031 O18 OAs 


* Nickel, 2.70 per cent. 
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During 1916 increased demands for tonnage were 
great enough to warrant additional melting facilities. 
It was decided to install an acid open-hearth furnace. 
One of medium size was considered necessary in order 
to produce metal in fair quantities during periods that 
the basic furnace was shut down for major repairs. 
These repairs are more frequent for this furnace than 
the average basic furnace that uses scrap and pig iron. 
However, in spite of the severe service imposed by 
melting all scrap an average of 370 heats has been pro- 
duced. The last run was the best ever made, when 
411 heats were turned out before it was necessary to 
rebuild the furnace. 


The acid furnace was built to melt the foundry 
scrap produced by the basic furnace. Chemical char- 
acteristics of this scrap are given in the foregoing table 
showing material made for castings by the basic fur- 
nace. Abeut 90 to 92 per cent of this scrap is used, 
the balance being made up of standard low-phosphorus 
pig iron. When the furnace is used for making heats 
to pour medium and small castings, the heats average 
about four tons each. This furnace has been operated 
continuously since last summer, and to date over a 
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thousand heats have been melted. Analysis of the 


steel made by this process for castings are as follows: 


Acid Open-Hearth Steel Casting Made for Government. 


Elastic Tensile Elon- Reduc- 


Limit Strength gatth tion of | Analysis 
Heat Ibs. per Ibs. perin 2in, area’ Carb, Sil. Sul. Phos. Mang. 
No,  sq.in. sq. in, Per Cent ————_——___, 
new) 30,000 70,000 0.51 0.51 0,28 O50 0.041 O.085 O57 
AS Bs 31 200 61,000 032 O56 0.21 O24 O48 O.035 0.06 
are | ol OO (4) AK) OM) and 0.20 a3 0.0455 0.089 OAS 
ns. 3. OOO 69000 O.wu ere O.2S 0.28 RS 0.036 0.01 
Gt. 32 WM) th (WK) O52 Onl 0.21 Te | 0.34 0.0386 0.40 


1070 36000 TO AN) OL) O52 OLS OG and O.0L7 aa 
71000 36.000) 6S 5000 27 O53 O2T OT OOO OOD ONT 
7) 40.0000 76.500 027 O46 O31 O80 0.084 O16 O6F 
ToS 82500 62.000 OPS Ooh 0.21 O26 QO36 OOK O06 
TA 41.008) TS 0) 0.26 Qa) 0.85 ed 0.088 O.024 0.78 
To 87.0000 T2500 O00 O57 0800 O83 0.044 C041 O04 
758 50,000 91,000 0.23 O48 O4R 0.80 0.080 0.040 0.59 
All the steel foundries on the Pacic coast are called 
upon to produce a great variety of castings up to the 
limit of their melting capacity, but the Columbia Steel 
Company, being the largest manufacturer west of the 
Rocky mountains, is called upon to make some very 
large castings. However, recently this company has 
had inquiries for castings beyond its present melting 
capacity. Inasmuch as this situation has developed, 
the management has authorized the installation of an- 
other basic furnace. This will give the Pittsburgh 


plant three furnaces. 


Basic Lining for Electric Furnaces 


Preference to Basic Steel Due to Possibility of Conducting 
Refining Operations on Basic Bottom — Reasons for Rapid 


Strides of This 


Method — Description of Basic Furnace. 


By F. J. RYAN 


The difference commercially between the acid and 
basic bottom depends entirely upon the product to be 
produced. In other words, usual average castings, 
having what is known as the general characteristics 
of good steel, can be produced on an acid bottom at 
a very low cost for refractory materials if good scrap 
is available. If, however, rigid chemical and physical 
specifications have to be met and miscellaneous scrap 
only is available, then the basic bottom must be util- 
ized if good steel is to be the result. 


Why Acid Bottoms Were Used. 


Over 65 per cent of the total output of electric 
steel in this country previous to our entering the war 
was on acid bottoms. The reason for this was that 
electric steel was just beginning to be recognized for 
its real and true value and also because there was a 
real scarcity of operators familiar with metallurgical 
conditions and it was safer to operate the furnace 
purely as a melting medium. 


In the past the usual electric furnace paper has 
been prefaced with a short review or history of elec- 


Paper read before Milwaukee meeting of American Foun- 
drymen’s Association. 
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tric furnace development, enumerating the distine- 
tive advantages of electrical apparatus over the exist- 
ing types of furnace equipment such as the converter, 
crucible and small open-hearth furnaces. 


We have witnessed in the past two years phe- 
nomenal strides in electric furnace development from 
standpoints of both efficiency and number of installa- 
tions, and the writer, therefore, asks to be excused 
for presenting nothing except a brief discussion of 
the types of lining installed in furnace equipment, 
because it is his opinion that the electric furnace 
should now be considered as a thoroughly reliable, 
economical and necessary unit in connection with 
the average steel plant or foundry installation. 

Two of the principal users of electric steel castings, 
namely the automobile and tractor manufacturers, 
have in the belief of the writer brought about a revo- 
lution in the methods of producing electric. stecl 
castings in this country. We have, of course, for 
some time had the advantage of expert and scientific 
handling of steel in the electric furnace for the tool 
steel industry, but the output has not been sufficient 
to bring about a widespread knowledge of scientific 
electric steel production. It remained for the auto- 
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mobile and tractor industries to accomplish this re- 
sult, 

Designers, especially in the automobile industry, 
have been attempting to reduce the weights neces- 
sary in castings and forgings, and to accomplish this 
purpose they have necessarily been compelled to 
create standards which could only be met by basic 
steel. Therefore on account of necessity, the elec- 
tric steel manufacturers have been compelled to reor- 
vanize their forces and the development of basic oper- 
ation has been phenomenal even since the last meet- 
ing of this association. 


The writer has attended the tinal negotiations for 
many electric furnace installations and in’ former 
days it was customary for the decision relative to the 
purchase of one or another make of furnace to hinge 
entirely on whether or not one furnace consumed a 
few kilowatt-hours less per ton of steel or whether 
the refractory costs were from 50 cents to $1.75 per 
ton less. In the past year we have noticed a healthy 
tendency to keep away from placing too high a value 
on such figures, for it 1s child’s play to begrudge the 
small additional costs! that are necessary in_ basic 
operation if the ultimate product produced 1s increased 
in efficiency from 10 to 50 per cent. ‘Take for in- 
stance the following problem: 


At the present time there is a differential between 
B and C castings as purchased by the navy depart- 
ment of from 4 cents to 7 cents per pound. Using 
the lower figure of + cents, we have a difference of $80 
per ton as a margin on which to carry on the neces- 
sary basic operations to secure a result which is very 
simple on a basic bottom. The extra cost for basic 
operation would probably not exceed $15, leaving a 
net total proht to the purchaser of $65, but of more 
importance is the saving in weight and the use of 
cheaper raw materials. It will be seen that if a given 
weight of casting is based upon certain chemical and 
physical properties and by metallurgical manipulation 
the same weight of material can be increased in effi- 
cieney 20 per cent, the ultimate body weight can then 
be reduced 20 per cent without injury to the original 
requirements. 


An Eye to the Future. 


In the plant of one of the largest automobile man- 
ufacturers in the world there has recently been in- 
stalled a small electric furnace solely for the testing 
and establishment of classifications of different types 
of steels for after-the-war consumption. The mana- 
gers of this plant have secured the best technical 
knowledge available and their sole and one purpose 
is to develop the highest practicable grade of stecl 
that it is possible to produce. Close records of all of 
the results are being kept and the producer in the 
future faces .the problem of meeting such specifica- 
tions if he expects to obtain any tonnage. 
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This is one of the many instances that have come 
up especially during the past year. In fact, the ques- 
tion of working to specifications and having the ulti- 
mate produce subject to inspection has become second 
nature to us on account of the many government con- 
tracts which are spread about all over the country. 
Many of us have probably not had time to consider 
what this will mean in the future, but we probably 
will be willing to admit that there is little likelihood 
that we will ever return to the hit-and-miss method 
that was quite general in the past. Recollect for in- 
stance the many large and supposedly up-to-date 
plants that were producing electric steel entirely by 
the fracture observation method. In some instances 
the question of carbon was handled by the supermelit- 
ing of the electrode for a certain number of moments 
in the molten bath and the question of deoxidation 
was looked upon as one of the necessary evils to be 
talked about and then forgotten. 


Furnace Must Be Properly Designed. 


Every electric furnace design is not suitable fer 
basic operation. The ideal furnace 1s one which ex- 
poses the largest possible surface of the metal to the 
action of the slag without being subject to freezing 
conditions at any part of the furnace. Where the are 
or ares are centralized in the center of the furnace it 
is necessary to cut down the, surface exposed to the 
slay, thereby deepening the bath. This deepening 
of the bath in the average furnace has a tendency to 
cause segregation on account of the heavier allovs 
which are used, such as tungsten and chrome. 


Vhe ideal condition in the application of heat is. 
of course, the supplying of correct proportions above 
and below the bath. Many methods and designs have 
originated from inventors attempting to secure this 
ideal condition, but it was not until about a little over 
a year ago that any definite or practical results were 
secured, There are now on the market here and abroad 
furnaces operating what might be termed as an arc 
resistive design and exceptional results are being ob- 
tained. It 1s claimed that the heat which is supplied 
by and in this type of furnace and the resistive action 
of the current passing through the hearth starts a 
definite convection action which very slowly stirs the 
molten charge doing away with segregation and caus- 
ing thorough deoxidation. 


In the purely top are types of furnaces, high-grade 
steels are being made daily, but in such operation 
close attention must be given to secure a uniform 
product. If the heat is not distributed uniformly 
through the bath, segregation will be the result and 
if too much heat is applied, contamination of the steel 
by the slag is possible. Difficult as these problems 
may seem to the man that is now operating on an 
acid bottom, they can all be overcome by the use of 
skilled labor or by training the available staff, and 
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the ultimate proportion of profit will be greater, also 
an improved reputation for the product will place the 
production always in demand and the percentage of 
returns in poor material will be cut down to a mint- 
mum. 


Scrap Will Become Scarcer. 

As the number of installations of electric furnaces 
increases, so will the available proportion of scrap 
decrease and with the depreciating available supply 
there will be a decrease in the available stock of 
what we might term as No. 1 low-phosphorus mate- 
rial and it is upon this No. 1 material that the acid 
operating furnaces are entirely dependent. 

The government has already placed a differential 
on scrap that is nearly sufficient to overcome the ad- 
ditional cost of basic melting without even consider- 
ing the additional return for the product and the cut- 
ting down of the material utilized by the increase of 
efficiency. In the opinion of the writer the question 
between basic and acid operation 1s purely a question 
of a commercial profit and loss with the advantage on 
the side of the basic lined furnace. 

The history of every known product teaches the 


The Blast fumace™ Steal Plant 455 


lesson of increase and not decrease of efficiency, and 
with the acid-lined furnace limited solely to one pro- 
cedure of melting, it must in the course of events 
gradually be done away with in the electric furnace 
industry and be replaced by the more efficient and 
economical method of basic operation. 


The writer realizes that the arguments brought 
forth in this paper nearly all pertain to the commer- 
cial aspect of the problem. He has purposely kept 
away from technical discussions pertaiing to the 
actual handling of the basic and acid bottoms for the 
reason that we are thoroughly aware that there ts 
now available in this country sufficient technical skill 
and labor to make either possible. 


very industry is entirely dependent upon the 
profit accruing from the sale of its product and in 
view of the future we must face after the war, the 
commercial aspect is the really important and vital 
side of the question that should now be considered. 
If this is correct, we must prepare to rearrange our 
plant procedure so that it may be based upon the 
most efhcient and economical methods, but do not Tet 
it he only economical. 


Producing Armg Ordnance Steel Casting 


Discussion of Low Carbon and High Manganese, and High 
Carbon and Normal Manganese Specifications—Typical Analysis 
of Steels Presented—Control of Analysis and Suitable Annealing. 


By CAPT. E. R. SWANSON. 


You gentlemen are familiar with the fact that re- 
quirements as to physical properties for the three prin- 
cipal grades of steel castings for the ordnance depart- 
ment are now the same as those of the .\merican 
Society for Testing Materials. The chemical proper- 
ties also are identical with the American Soctety for 
Testing Material specifications, except that greater 
latitude is given in the case of sulphur. for reference 
the figures are given as follows: 


Inlastic Tensile Ilongation Reduction 
limit streneth percent of area 
per sq. per sq. in 2 per cent 
Cast Steel inch inch mches 
No. l...... 27,000 60,000 22 30 
NG Zesnciets 31,5C0 70.600: 18 25 
Nn: Sateraees 36,000 80,000 15 20 


The time at the writer’s disposal does not permit 
the extended detailed observation for presentation that 
the subject merits, and in fairness to the foundrymen, 
much matter available could not be published and 
accredited, | 

Practically all steel castings for ordnance purposes 
are made by the acid open-hearth, electric furnace or 
side-blow converter. 


Paper presented before Milwaukee meeting of American 
Foundrymen’s Association. 


ee —_ 
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The problem of meeting requirements has resulted 
in the establishment of two methods. One makes use 
of combinations of low carbon and Ingh manganese: 
the other, high carbon and normal manganese. The 
first method 1s of especial value to the converter shop. 

The chemical analysis followed by a shop getting 
98 to 100 per cent acceptances on first test for the No. 
2 steel, using the converter, is as follows: Carbon, 
0.26 to 0.30 per cent ; manganese, 0.65 to 0.75 per cent; 
silicon, 0.26 to 0.35 per cent; sulphur, 0.07 per cent, and— 
phosphorus, 0.05 per cent. 

This steel is annealed by heating to 1650 degrees 
*., soaking four hours at that temperature and cool- 
ing slowly in the furnace. This shop is not making any 
of the No. 3 grade steel. 

One shop is working on orders various items of 
which call for No. 1, No. 2 and No. 3 grades. Their 
practice is to fill them all with steel of the No. 3 grade, 
using the converter process. Their chemical analysis 
is as follows: Carbon, 0.38 to 0.45 per cent; man- 
ganese, 0.75 to 0.83 per cent; silicon, 0.40 to 0.50 per 
cent; sulphur, 0.04 per cent. and phosphorus, 0.05 per. 
cent. 

This steel is annealed by heating to 1575 degrees F., 
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soaking four hours at that temperature and cooling 
- slowly to 700 degrees I. in furnace, at which tempera- 
ture castings are pulled out into the air. This practice 
results in 95 per cent acceptances on first test. 


Another Analysis. 

Another company using converters for the No. 3 
grade, works to the following analysis: Carbon, 0.25 
to 0.30 per cent ; manganese, 0.90 to 1.00 per cent; silt- 
con, 0.30 to 0.35 per cent; sulphur, 0.07 per cent; and 
phosphorus, 0.05 per cent. : 

This steel is annealed by heating to 1700 degrees F., 
soaking four to six hours at that temperature and cool- 
ing in air. It is then drawn by heating to a tempera- 
ture of 900 to 1100 degrees I*., depending on the carbon, 
and cooling slowly in furnace. This firm deals with 
the No. 2 grade steel in much the same manner except 
that the carbon in this case ranges between 0.24 and 
0.28 per cent, with manganese between 0.85 and 0.90 
per cent. The castings are annealed at 1750 degrees 
F. with subsequent draw. : 

A most successful company using the electric fur- 
nace for the No. 3 grade, works to a chemical analysis 
as follows: Carbon, 0.25 to 0.30 per cent; manganese, 
1.10 to 1.30 per cent; silicon, 0.35 to 0.45 per cent; 
sulphur, 0.05 per cent, and phosphorus, 0.04 per cent. 

Castings are annealed by heating to 1,650 degrees 
I’. and soaking three to four hours at that temperature, 
cooling in the air, and then drawing at from 900 to 1,100 
degrees F., cooling slowly in furnace. 


Electric Furnace Analysis. 

Another company successfully meets the require- 
ments for both No. 2 and No. 3 grades of steel by mak- 
ing only one grade, namely the No. 3, using the elec- 
tric furnace. Their average analysis is as follows: 
Carbon, 0.38 to 0.42 per cent; manganese, 0.60 to 0.70 
per cent; silicon, 0.25 to 0.35 per cent; sulphur, 0.05 
per cent and phosphorus, 0.04 per cent. 

They anneal this steel by heating to 1,650 degrees 
F., soaking at that temperature for six hours, and cool 
ing the castings slowly in the furnace four to six hours. 


The chemical analysis followed by a company using 
the acid open-hearth which has had 100 per cent accept- 
ance is as follows: Carbon, 0.42 to 0.48 per cent ; man- 
ganese, 0.65 to 0.70 per cent; silicon, 0.25 to 0.30 per 
cent; sulphur, 0.04 per cent; and phosphorus, 0.05 per 
cent. 

Their practice is to allow three hours heating, two 
hours soaking at 1,650 degrees F., and five to eight 
hours cooling in furnace. . 

A resume of the foregoing shows the manner in 
which requirements are being met by companies hav- 
ing from 95 to 100 per cent acceptances on the first 
test. The high percentage of acceptances show that 
specifications are not excessive. 


A very elaborate treatise could be drawn up on the 
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subject of critical temperatures, length of annealing 
periods, etc. The critical point will vary according to 
the chemical analysis. You all know that to secure 
proper refinement of structure all parts of castings must 
be heated above the critical point and held long enough 
tu permit necessary refinement. This period will vary 
according to the thickness of section. 


Specifications Can Be Met. 


Disclaiming any desire to criticise equipment or 
methods in shops having difficulties, it is desired to 
make this point—that No. 2 and No. 3 grades are be- 
ing made successfully and commercially. In order to 
do this, two things are required: First, control of 
analysis of product, so that the castings will analyze 
within predetermined limits; and second, annealing 
equipment of such nature that the furnace can be 
brought up to the desired temperature at a predeter- 
mined rate with equal temperatures prevailing in all 
parts of furnaces at the same time. 


Control of analysis is had by competent super- 
vision assisted by suitable chemical laboratory equip- 
ment. 


Control of heat treatment can be exercised by the 
use of properly designed furnaces, so constructed that 
uniform heating prevails together with proper circu- 
lation; and the installation of proper recording 
pyrometers equipped with sufficient thermocouples 
so that furnaces can be checked for cold spots. 


The absolute fundamental in meeting the require- 
ments of the No. 2 and No. 3 grades is proper chem- 
ical analysis, supplemented by accurate annealing or 
heat treatment. 


An extreme illustration of what has been done in 
the past, in a shop not equipped to anneal small cast- 
ings, follows: The practice was to wait until a heat 
was poured which left a heavy skull in the ladle. The 
castings were annealed (?) by throwing them in the 
ladle and leaving them until the skull was cold. It 
is to be expected that they would experience trouble. 


Weaknesses Are Remedied. 


Most of the wideawake steel foundries have by this 
time discovered their weaknesses and have remedied 
them by installation of suitable up-to-date equipment. 


Occasionally a heat is discovered that does not 
respond to proper heat treatment even though analy- 
sis is normal, An examination with the microscope 
will usually show the difficulty. Many companies 
are using the microscope as a daily check on their 
product. This is a refinement of practice that up to 
a short time ago prevailed in but very few foundries. 
but one of the many good things coming out of this 
world war is an improvement in the quality of steel 
castings that is really remarkable and of which the 
steel casting people can really be proud. 
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The Cottrell Process for Potash Recovery 


Conditions of Operation on the Pacific Coast With Particular 
The United States Has Sufficient Furnace Capacity to Produce 


Annually Over 


1,500,000 Tons of 


Potash Per § Year. 


By LINN BRADLEY. 


The subject of potash recovery is becoming of more 
universal interest to the public as well as to the tech- 
nical man. The daily press and the magazines fre- 
quently refer to what is being done and to what snould 
be done in this country in order to offset and decisively 
caefeat the Kaiser and his followers. Recently several 
news items and editorials have appeared in the metro- 
politan press calling our attention to what is being 
accomplished in lengland toward making their coun- 
try independent of Germany, and it appears that the 
sritish government has furnished large sums of money 
tw assist in recovering potash from their iron. blast 
furnace gases. It 1s predicted that this source will 
enable England to obtain enough potash to equal her 
entire pre-war importation from Germany. France is 
reported to be as keenly awake to the possibilities 
along this line and we may see the time when [France 
will be recovering large quantities of potash from iron 
ores Which Germany has made such strenuous efforts 
tv control. However, it is not surprising that interest 
in potash should increase, when we consider that this 
is the one big economic weapon which Germany has 
relied upon to regain her place in the sun after the war. 
She boasts that all countries will have to depend on 
her for potash. She claims that other countries can- 
not produce potash to compete with that supplied by 
Gaermany. But in this as in many other instances her 
reasoning 1s based on lack of information as to facts 
and possibilities. 


The recovery of potash in this country is making 
-apid strides. The industry may be roughly divided 
into those plants in which the recovered potash is the 
main product and those in which the potash is recov- 
ered as a by-product. In this paper the latter phase 
will be considered as it is beheved that while the larg- 
est immediate tonnage may be obtained from desert 
lakes, kelp, alunite.and a few other sources, neverthe- 
less a study of the economic problems will show that 
the surest way of making our potash industry a per- 
manent and enduring one, able to supply all of our re- 
quirements even against German competition, is to de- 
velop and rely upon the by-product potash. 


Investigation Made on Blast Furnace Dust. 


Farly in 1912 the Research Corporation of New 
York started to develop the Cottrell processes and 


From paper read at the Fourth National Exposition of 
-hemical Industries. 
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apply them to various plants in the eastern portion of 
the United States. Shortly after work had been begun, 
a paper.was read and a demonstration given at a meet- 
ing of the local section of the American Chemical 
Society near Allentown, N. J. The next day arrange- 
ments were made for a visit to the South Bethlehem 
plant of the BethIchem Steel Company. An investiga- 
tion was undertaken by Mr. R. J. \Wysor and this re- 
sulted in extensive investigations thereafter to deter- 
mine the possibility of cleaning these gases by the Cot- 
trell processes and recovering whatever of value could 
be obtained from the collected material. Mr. Wysor 
has published a very able and valuable article in the 
Transactions of the American Institute of Mining 
I‘ngineers (1917) giving a great deal of data on ores, 
Huxes, slags, potash balances and other items directly 
related to the recovery of potash as a by-product of - 
blast furnaces. His paper probably served as an inspi- 
ration for much of the work which has been under- 
taken abroad. 


Analyses of iron ores, cokes, Hmestones and dolo- 
mites show a wide variation in potash content, and it 
is therefore advisable for one interested to make sure 
that his raw materials are sufticiently-rich to warrant 
a potash recovery plant. Furnaces which produce a 
large tonnage of slag per ton of iron on account of 
the iron content of the furnace charge will, of course, 
carry more potash into the slag than furnaces which 
produce a relatively small volume of slag, other things 
being equal except for composition of the charge. 
Some iron ores carry as high as 60 per cent of iron 
and are practically devoid of potash. Some cokes have 
a low ash and are low in potash. Some limestones and 
some dolomites may be quite pure. If, therefore, the 
ores are uniform and properly prepared and the fuel 
and flux are properly proportioned, the slag volume 
will be small and the potash in the gases may Hkewise 
be negligible. On the other hand, if the iron ore car- 
ries as much as two or even one per cent of potash 
(K:O) and the coke ratio is high and it and the flux 
contain as much as .25 to .50 per cent of potash, quite 
a large quantity of potash will be volatilized and car- 
ried off by the gases from which it can be recovered. 
The high temperature in the blast furnace and_ the 
length of time under treatment allows the silicates to 
he decomposed more readily than in a cement. kiln 
where the temperatures are not so high. The poten. 
tialities of the by-product recovery from blast furnaces 
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would, therefore, seem to surpass the possibilities of 
the Portland Cement Industry in this regard. 

Numerous attempts have heretofore been made to 
recover potash from silicate rocks. The investment 
and operating cost, especially for fuel, are hard to 
overcome if one endeavors to volatilize the potash and 
recover it and nothing else. It therefore seems that 
the best way to recover the potash from these silicates 
by heat treatment is to charge these silicates into ex- 
isting furnaces along with the regular charge and re- 
cover the potash as a by-product thus eliminating the 
investment and operating cost for new and separate 
furnaces. This would be profitable up to a certain 
point, beyond which this practice would, however, not 
be desirable. 

Since the investigations referred to were begun at 


South Bethlehem, numerous other furnaces have been — 


investigated and potash balance made. Iron ores have 
been found in abundance in Alabama which carry from 
one to as high as three per cent in potash and carry 
enough iron to make them highly suitable for this pur- 
pose. The following tables show the results of one 
investigation. 


Percentage Analysis of Materials. 


Material Fe SiO: ALO; CaO MgO Ash Car'n. Na:O K2O 
Ore No. 1 46.36 17.42 4.19 503 833 ....  .... 062 1.27 
Ore No. 2 54.69 12.78 3.49 404 6.00 0.39 0.74 
Stone . 1.56 0.58 46.24 7.25 ....  .... 064 0.26 
Coke 5.82 3.49 0.51 0.24 13.01 86.15 039 0.32 

Charged Into Blast Furnace. 
Lb. per Total Lb. Per Cent 
Materials Ton Iron K:O © of Total 
Ore NOs bebiis tectiaeieeiiedues 3,115 39.56 61.0 
CRG INO. 2 eaial aires 5G cee eee 1,168 8.65 13.2 
BUCO > incl siz. oO A ae el aie em edna be 1,440 3.74 5.8 
CURE 2xcetd ahve cae ie ats eeeeaks 4,050 12.97 20.0 
CO, weduse eset ees fee: 9,773 64.92 100.0 
Summary. 
Total K:0 charged into furnace per ton of iron pro- 
diced. MW... cece eee eee eee rete eens 64.92 
lost in slag per ton of iron produced, Ib............ 11.60 
Lost as me from gas leaks per ton of iron produced 
CSUs [sta ad Mika wat ete tara hahis de our wera aan 1.16 

Total ae recoverable from gases per ton of iron 

NHOUUCEU: 10s avaiet aceon muss Beto ¢ieleked Genes se 52.16 
Total potash in dust in gases as per analysis, per cent 34.11 
Water soluble potash in dust in gases as per analysis, 

WOO CCN cleceruee youu iledeie eee dea wen aan enous 32.10 
Portion of total potash in dust, which is water soluble — - 

Per (CONG. 24.25 baka oe ie ee eg ieee eae 94.11 
Total water soluble potash recoverable per ton of iron 

by collecting the dust in the flue gases, Ib.......... 49.09 
Total water soluble potash as above per 5CO tons tron 

POUT: Tec, cog be tate aden Ma cite ete ae eae alates: AON 
Total water soluble potash as above per year of 350 

Wits. (ONS: Web gee acd ou ee ihe eee ee OHe4 Aen wees 4295.37 
Portion of total potash charged into furnace which ts 

recoverable from gases in water soluble condition, 

IGT? OIE See Maurie hades Catind oe ena 9 aoe et aanatinca ates 75.62 
Safe estimate of above amount recoverable in oper- 

AMIE PRACCE. DOr CONtss cise epeie ane tedy ea ehde 80.00 

Safe estimate of above amount recoverable as above 

per year of: 350 days. tOns i: eo<9 wseae tener aes ak 3436.29 


A study of the above figures will show that it is 
desirable to keep the potash content of the raw mate- 
rials up to the highest point and to keep the slag vol- 
ume and potash content as low as possible It is clear 
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that if the slag volume remained constant as well as its 
analysis that if only 11.6 pounds of potash had been 
contained in the furnace charge there would have been 
nothing available for collection. With suitable slag 
volume and potash content and a rich potash charge, 
the recovery of potash in quantities worth while is 
readily obtained. Sodium chloride has been found 


helpful in liberating the potash in such way that it is | 


recoverable in the dust in a water soluble form. While 
working at a cupola furnace in which sash weights 
were made from old tin cans and other metal waste, it 
was found that the use of common salt, sodium 
chloride, greatly increased the fume volume and densi- 
ty and this later was shown to be due to the fact 
that chlorides of lead, tin and zinc were formed and 
readily volatilized as such. The use of salt has been 
extended to cement kiln practice and to other uses in 
connection with the recovery of silver, lead and zinc 
from low grade ores and tailings, the values being re- 
covered from the gases after solatyzanon as chlo- 
rides. 


Consideration of data such as presented in the 
tables given below resulted in an effort being made to 
find raw materials suitable for making iron and vet 
carrying high percentages of potash. Sampies of ores. 
fluxes and cokes were obtained from a number of fur 
naces and other sources, and later on this work was 
carried on much more extensively by the Bureau o! 
soils of the Department of Agriculture. It is probable 
that Mr. Frederick Brown of that bureau has now col- 
lected data on nearly all of the raw materials available 
for iron making and that if such data were made pub- 
lic in the near future, it would be of great assistance 
in connection with the problems under consideration. 
Personal efforts to find materials such as described 
developed the fact that in the eastern part of Alabama 
there is a very large tonnage of iron ores carrying in 
some cases an average of one per cent of potash and in 
other instances an average of about 1.80 per cent of 
KX:O, several analysis showing a content of over 3 per 
cent K:O. I am indebted to Dr. J. S. Grasty for having 
brought these ores to my attention and for much of 
the data on their iron and potash content as given later 
in this paper. 
Company has also contributed data on the iron situa- 
tion of the South and the values of these iron ores in 
furnace operations. I have examined these propertics 
and have interviewed blast furnace operators who have 
used them in their furnaces and hold the opinion that 
they constitute an asset of importance to the nation 
as well as to interested parties. They should receive 
the consideration of the government in connection with 
our war problems and likewise our post-war problems 
so as to assist in rendering our country absolutely in- 
dependent of Germany. The ores carry an average of 
from 48 to 52 per cent of iron, are very uniform, easily 
mined and shipped as they are directly on the railroad, 
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and operate satisfactorily in the furnace producing 
good iron at low cost. Their potash content also acts 
as a desulphurizer, thus improving the grade of tron. 
The phosphorus content is very low. 


The following table has been compiled to show the 
economic importance of these ores as a source of 
potash, the figures having been used on experience at 
several other furnaces as well as on the data obtained 
in connection with these particular ores and at various 
iron furnaces in the South. The tabtes has been sub- 
mitted to experienced iron blast furnace operators for 
suggestions and criticisms. Jor comparison, other 
ores have been included in the table. The composi- 
tion of the high-potash iron ore has been taken from 
the average of over one thousand tons of such ore 
shipped to furnaces on which K:O was determined for 
each car of this particular shipment. 


Percentage Contents. 


Coke Stone Gray Red Brown 
No. 1 No. 2 No. 3 


Silica SPOe........00..22- 870 2.00 19.2 15.0 19.5 
Alumina ALOs 2.0.2.2... 5.00 1.60 48 4.0 3.8 
Iime CaQ ..........0.. 0.30 53.00 1.3 17.0 6.0 
Potash:-KO. viec65 Vinca 0.30 0.30 1.8 0.2 0.2 
POR Be vite aos 1.70 0.00 JO’ 26.0 420 
(re required for one ton iron, Ib..... 4308 6039 5212 
Percentage of burden.............. 46.07 54.35 46.87 
Coke required for one ton iron, Ib... 2700 BOK 3C00 
Percentage of burden............. 28.20 35.22 26.08 
Stone required for one ton iron, Ib.. 2448 1159 2009 
Percentage of burden............. 25.64 10.43 25.15 
Total potash: content of burden per 
(OM AFON. ID vee ben ei ed haga ens GO 5 29.57 33.97 
Deduct for losses in slag and else- 
WINORGs Sook locust wane ceca mentees 10.4 15.6 14.0 
Total potash collectable for gases, Ib 80] 13.97 19,97 
Slag volume per ton iron, Ib....... 2715 3820 3690 


Total potash in gases per day (500 ; 
EONS ICON.) - poss etd oe HE oa ree 44520 CORS CUSS 
Total potash in gases per 350 day 


Vears, tONS. 2.ic¢sseedaan eaede ee 7790 1222 1747 
Assume eighty per cent recovery, 
this equals .............. 0.020005. 6237 97% 14C6 
Value per annum at $500 per ton 
OF WW): tucs eye ct ae eel dak $3118500 486000 = 703CCO 
Value per annum at $100 per ton 
Ole. 25.05 ta eee tieuas es moore teat 623700 97800-14600 


The total production of pig iron in this country 1s 
such that about 200 furnaces of such size as referred 
to above would be required to meet our requirements 
if the furnaces were of the same capacity. So it is easv 
to see that we now have sufficient furnace c prrity to 
produce annually over 1,500,000 tons of potash per 
annum, far in excess of our pre-war requirements. The 
“difficulty lies in the fact that we have not found that 
all furnace burdens carry the amount of potash shown 
under the No. 1 column. If the furnace charges and 
operations could be adapted so that one-fifth of the 
amount, or 300,000 tons, could be produced this would 
meet our needs without assistance from any other 
source. The three constituents of the charge, ore, 
stone and coke, contain more or less potash. By using 
those raw materials which carry more than usual 
amounts of potash, our recoveries can be considerably 
augmented. In cases where ores are smelted which 
are excessively limey, feldspar, potash bearing slate or 
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other potash bearing silicates could be fed into the fur- 
nace and thus increase the potash content of the fur- 
nace burden. 


By-Product Potash From Feldspar Cement 

Mr. H. E. Brown, a chemical engineer of New York 
City has developed a process for making a special ce- 
ment from the slag obtained from a blast furnace and 
at the same time recovering water soluble potash from 
the gases. He charges limestone, coke and feldspar 
Now if iron ores of suitable kind 
could be used for a portion of the raw material, it 
might be possible to produce potash from the gases, 
also pig iron, and a slag which could be readily con- 
verted into a marketable cement. 


Potash Prospects in the Iron Industry. 

Referring again to the iron industry and its rela- 
tion to the potash question, it should be pointed out 
that in the Alabama district there is an abundance of 
exce.lent coal, labor is plentiful and cheap, and the cli- 
matic conditions are such that the district may be con- 
sidered an all year one as far as operating is con- 
cerned, Then, when it is realized that there is imme- 
diately at hand an enormous tonnage of high grade 
iron ore which carries such a large potash content and 
that the South produces our cotton and therefore ts 
the large consumer of potash and thus provides a large 
market within a few miles, the economic importance 
of this situation can be better appreciated. Other iron 
ores contain potash, some of which may justify recov- 
ery plants, and we should be on the lookout for such 
materials, keeping in mind that our goal is to obtain 
our potash as a by-product at such a cost as will en- 
abie us to ignore Germany forever and thus make the 
dreams of the American chemist and engineer come 
true. 

The South produces pig iron cheaper than any 
other district in normal times. In fact their furnaces 
must do this in order to stay in the market. The South 
does not yet consume as much iron and steel products 
as its population justifies and therefore their iron must 
carry a high freight charge if it is shipped North to the 
larger markets. The manufacture of cast iron pipe 
has, however, grown to a large industry. In the future 
more and more iron and steel will be consumed locally 
as it 1s evident that the South is coming into its own 
very rapidly. The additional profit which can be ob- 
tained from the potash will be of great. assistance in 
keeping their iron furnaces in blast when the market 
sags. The South has a very fortunate combination 
of labor, raw materials, climate and a large and near 
fertilizer market. In France and in Great Britain the 
governments have taken an active interest in the pos- 
sibilities along the lines herein pointed out. It has 
been reported that investigations extending over a 
period of three years have shown that Great Britain 
can produce enough potash to satisfy all her require- 
ments. 
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Waste Heat From Open Hearth Furnaces 


Utilizing Waste Heat from Open Hearth Furnaces for the 
Generation of Steam—Complete Description of Test With Results 
Including Heat Balance Sheets—Effect on Operation of Furnace. 


By THOMAS B. MACKENZIE. 
PART I. 


About twenty years ago the firm, with which the 


author is connected was engaged in laying down a new 
smelting shop with acid-lined open-hearth furnaces of 
i nominal capacity of 60 tons, and it was decided to 
put boilers between them and the chimneys, with the 
intention of generating enough steam to blow the gas 
producers. The boilers selected were of the Cornish 
type, 30 ft. long by 7 ft. diameter, with a single inter- 
nal flue 42 in. in diameter. The waste gas from the 
furnace was divided into three streams, each of which 
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Fig. 1. 
A—Temperature of gas entering boiler. 
B—Temperature of gas entering economizer. 
C—Temperature of gas leaving economizer. 
D—Temperature of steam in bgiler. 
E—Temperature of feed water entering boiler. 
F—Temperature of feed water entering economizer. 


TEMPERATURE IN DEGREE CENTIGRADE. 


traveled once along the length of the boiler, reuniting 
again at the chimney end. These boilers were duly 
erected and tried, but owing to the cooling effect on the 
gases the draft of the furnaces was reduced to such an 
extent that their operation was slowed down sufficient- 
ly to compel this attempt to recover the waste heat to 
be abandoned. The boilers'were accordingly removed, 
re-erected in ordinary settings, and fired by hand in 
the usual way. 

Although this method of utilizing the waste heat 
from the furnaces had proved abortive the author 
was not convinced that the problem could not be solved 


From paper read before autumn meeting of British Iron 
and Steel Institute. 
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and after giving the subject some thought it occurred 
to him that the placing of an induced draft fan beyond 
the boiler would be a solution. In order to put his 
ideas on record he prepared a Paper on the subject, 
which was read before the Institution of Engineers and 
Shipbuilders in Scotland* on March 21, 1911, the title 
of the Paper being “On Means for Economizing Fuel 
and Utilizing Waste Heat in Malleable Iron and Stee! 
\Works.” As a direct result of the Paper the author 
Was given permission to have an experimental boiler, 
economizer, and fan, on the lines he had advocated, at- 
tached to one of the smaller furnaces in the works to 
test the predictions made. 

The furnace selected for the experiment was an 
acid-lined open-hearth furnace of ordinary construc- 
tion and of 30 tons nominal capacity. The boiler 
selected was of the Babcock & Wilcox water-tube type. 
having a heating surface of 1,619 sq. ft. In series with 
the boiler was placed a Green’s economizer, having a 
heating surface of 720 sq. ft. The fan adopted was of 
the Keith-&-Blackman type, having an impeller 20 in. 
diameter driven by a variable-speed direct-current 
motor of 20 b.h.p. As originally erected, two openings 
were made in the steel chimney attached to the fur- 
nace—a lower one to admit the waste gases to the 
boiler, and a higher one for their return after passing 
over the heating surfaces of boiler and economizer, a 
cast-iron damper of the butterfly type being fitted in 
the chimney between the openings. This arrangement 
did not work satisfactorily, as the damper could not be 
kept tight. A plate damper was then fitted at the 
top of the chimney, the upper opening closed, and the 
fan arranged to discharge direct into the air. After 
some other minor troubles had been overcome the 
installation was got to work satisfactorily, and a test 
was made extending over a period of 111% hours, in 
order that a fair average from all conditions of the fur- | 
nace would be arrived at. (See Fig. 1.)* The mean 
values of the observed data are as in Table I. :— 

Table I. 

Temperature of “products” entering boiler, 504° C. 

Temperature of “products” leaving boiler and entering 
economizer, 254° C. 

Temperature of “products” leaving economizer and enter- 
ing fan, 169° C. 

Temperature of cold feed entering economizer, 11.6° C. 

Hemperature of hot feed leaving economizer and entering 
boiler, 117.8° C. 

Steam pressure per square inch (gauge), 86.5 Ibs. 


Dryness factor (assumed), 0.95. 
Weight of water evaporated per hour, actual, 2,440 Ibs. 
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Weight of water evaporated per hour, “from and at, 
2,800 Ibs. 

Weight of water evaporated “from and at” per square foot 
of boiler heating surface, 1.73 lbs 

Natural draft of chimney with boiler, etc., dampered off, 
0.6 inch W.G. 

Draft at ‘base of SHIMnSY with boiler, etc., on and fan 
running, 0.8 inch 

Probable volume ‘of “products” at s.t.p. passing through 
boiler, economizer and fan per hour, 380,000 cub. ft 


From these data the heat balance-sheets in Tabie II. 
were calculated :— 


Table IT. 
Boiler. 


Heat received per hour :— Lb. calories Per cent. 
In 1,081,000 ft.” “products” at 504° C... 4,086,000 = 93.37 
In 2,440 Ibs. hot feed at 117.8° C...... 289,700 6.63 


Total. .4cuobsne25s aie tats .... 4,375,700 100.00 


Heat expended per hour :— 
In evaporating 2,440 Ibs. hot feed to | 
steam at 101 Ibs. per sq. in. abs. and dry- 


ness factor 0.95 .......... ccc eee cee 1,555,000 35.55 

In 733,500 ft.2 “products” delivered to 

economizer at 254° C.............00005 1,972,000 45.06 

Other losses (by difference).......... 848,700 19.39 
Olal. Uae aasocseeteahetatmh eeu s lok 4,375,700 100.00 

Economizer. 
Heat received per hour :— 

In 733,500 ft® “products” at 254° C..... 1,972,000 98.58 

In 2,440 lbs. coal feed at 11.6° C...... 28,310 1.42 
"TOtal: fcessse paras tewege den ceees 2,000,310 


ee 
Heat expended per hour :— 
In heating 2,440 Ibs. cold feed to 117.8°C. 


100.00 
289,710 14.48 
In 615,200 ft.® “products” discharged at 
64.60 
20.92 


Le ncba icici ane eve uence 1,292,000 
Other losses (by difference).......... 418,610 92 
TT Otal > cides eea ee Bowe eee 2,000,310 100.00 
Efficiencies. 
1,555,000 100 
Boiler = ——_—_———._ = 35.55 per cent 
4,375,000 
289,700> 100 
Economizer = ————————— = _ 14.48 per cent 
2,000,310 
1,555,000> 100 
Over all = —______ =. 37.00 per cent 
4,114,310 : 


The fan absorbed 14.3 Board of Trade Units of 
electricity per hour. 

During the trials the furnace was working at the 
rate of 2.25 tons of ingots per hour. The amount of 
steam generated was therefore 
2,440 Ibs. per hour — 1,084 Ibs. 
2.25 tons per hour 

If the steam generated per hour had been used ina 
modern turbine with a good vacuum to generate elec- 
tric energy the amount generated would have been :— 


1580 B. T. Units. 
Deduct amount used by fan.......... 14.3 B. T. Units. 


per ton of ingots. 


Leaving a net amount of energy avail- 
able for outside work of............ 143.7 B. T. Units. 


Assuming boiler fuel to have a calorific value of 
6,700 Ibs. calories per pound, and that ordinary steel- 
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work boilers have an efficiency of 65 per cent, the fuel 
equivalent of the steam generated was 357 lbs. per 
hour, equal to 158.7 Ibs. per ton of ingots. If we divide 
the net amount of electric energy available for outside 
work by the rate of production of ingots, we obtain 
63.86 Board of Trade Units per ton, an amount which 
should be sufficient to roll the steel produced by the 
furnace. These results having demonstrated that the 
author’s arrangement was quite practicable and did 
not in any way interfere with the furnace output, it 
was decided to provide a new smelting shop in process 
of erection and containing open-hearth furnaces of 45 
tons nominal capacity with similar equipment. 

‘The equipment consists, for each furnace, of a Bab- 
cock and Wilcox water-tube boiler having a heating 
surface of 1,827 sq. ft., a Greens’ economizer having a 
heating surface of 960 sq. ft., and a Keith-&-Blackman 
fan with an impeller 30 in. diameter, driven by a var- 
iable-speed direct-current motor of 40 b.h.p. The fans 
discharge through short funnels direct into the atmos- 
phere. The furnace chimneys have disc-plate dampers 
at the top,-which are kept nearly closed when the boil- 
ers, economizers, and fans are in operation. There are 
two reasons why the dampers are not closed fully, one 
being that the boilers and fans are rather small, and 
he other being a fear lest an explosive mixture would 


' become pocketed in the chimney at each reversal of 


the furnace with the risk of “kicks” taking place which 
night cause damage to the plant. 

This plant was finished and put to work shortly 
before the war broke out, so that no tests were made 
of their performance. Since the war began the author 
has been jointly responsible for adding seven boilers 
and fans to old furnaces and ten to new furnaces, and 
it is unfortunate that the theory was not developed, as, 
had it been done, larger boilers would have been used 
and more steam obtained. A number of tests have now 
been run, details of which are given in Table III. The 
duration of test was 99 hours, the readings being taken 
at 20-minute intervals. 


Table ITI. 


I.--Waste heat Boiler on O.H. Furnace of 45 Tons Nominal 
Capacity. 


Temperature of “products” entering boiler, 585.3° C. 

Temperature of “products” entering economizer, 273° C. 

Temperature of “products” entering fan, 181.6° C. 

Temperature of feed entering economizer, 6.95° C. 

Temperature of feed entering boiler, 120.6° C. 

Steam pressure per sq. in abs., 119 Ibs. 

Dryness factor of steam (assumed), 0.95. 

Total water evaporated, 393,251 Ibs. 

Water evaporated per hour, 3,972 Ibs. 

Water evaporated per hour “from and at”, 4,604 Ibs. 

I;vaporation “from and at” per sq. ft. H. S., 2.52 Ibs. 

K.lectric energy used by fan (kw. hours), 26.40. 

I.quivalent to (brake-horse-power), 31.85. 

Draft entering boiler, 0.91 inch W.G. 

Draft between boiler and economizer, 2.43 inch W.G. 

Drawt entering fan, 3.43 inch W.G. 

Probable volume of “products” at s.t.p. Sard through 
boiler, economizer and fan per hour, 400,000 cub. 

Heat contents of “products” entering boiler at 585 3° C. in 
Ib. calories per cubic ft. s.t.p., 12.56 

Heat contents of “products” entering economizer at 273° 
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C. in lb. calories per cubic ft. S.t.D., 5.59. 

Heat contents of “products” entering fan at 181.6° C. in 
Ib. calories per cubic feet s.t.p., 

From these data the heat balance-sheets in Table 


IV. have been calculated :— 


Table IV. 
Boiler. 
Heat received per hour :— Lb. calories Per cent 
In 1,258,000 ft.2 “products” at 585.3° C.. 5,060,000 = 91.32 
In 3,972 Ibs. hot feed at 120.6° C........ 481,400 8.68 


OLAS ote ashy guts buh Bunsen edt peace haters 5,541,400 100.00 


HYeat expended per hour :— 
In evaporating 3,972 Ibs. hot feed to 
steam at 119 Ibs. per sq. in abs. and 


Ileat expended per hour :— 


In heating 3,972 lbs. cold feed at 120.6° C. 481,400 


dryness: tactot O95. c.545-24 ep Shows deers 2,540,000 45.83 
In 800,000 ft.’ “products” delivered to 
economizer at 273° C..............008. 2,237,200 40.38 
Other losses (by difference).......... 764,200 13.79 
WOlal! soccer ju eee areb ae ieee 5,541,400 100.00 
Economizer. 
Ifeat received per hour :— 
In 800.000 ft.2 “products” at 273° C..... 2,237,200 98.77 
In 3,972 Ibs. cold feed at 6.95° C........ 27,800 1.23 
ONAL: ‘bib hardest aa heat a caee Se 2,265,000 100.00 
21.25 
14.00 
100 


In 666,200 ft* “products” discharged at 
51 ae G Seen pete een EEN 1,464.400 
Other losses (by difference)............ 319,200 
VOUAL: dicacannie aes eseess bnwceee 2,265,000 
Iefficiencies. 
2,540,000 100 
Boiler = —————— = 45.83 per cent 
5,541,400 
481,400 100 
economizer = ————————- = _ 21.25 per cent 
2,265,000 
2,540,000 100 
Over all = ——____—— = 49.9] per cent 
5 087,800 


Theoretical power required to move 666,200 cub. ft. 
of “products” per hour at a temperature of 181.6 deg. 
(., with a suction of 3.43 in. water-gauge, is equal to 
6Ob.h.p. The efficiency of the fan is therefore :— 

Theoretical horse-power ==" °6.0 


== 18.84 per cent 
Actual horse-power taken = 31.85 


_ During the test the furnace was working at the 
rate of 4.18 tons of. ingots per hour. The amount of 
steam generated was therefore :— 
3,972 Ibs. per hour 
—_—_———_————— = _ 949.3 Ibs. per ton of ingots. 
4.18 tons per hour 
If the steam generated were used in a modern tur- 
bine with a good vacuum to generate electric energy 
the amount would be :— 
= 253.2 kw.-hours. 
Deduct amount used by fan........ = 26.4 kw.-hours. 


Leaving a net amount................ = 2268 kw.-hours. 


per furnace which is available for general purposes, 
equivalent to 54.2 kw.-hours per ton of ingots. Making 
the same assumptions as before with regard to boiler 
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fuel and efficiency, the fuel equivalent of the steam 
generated is 583.2 lbs. per hour per furnace, equal to 
139.4 lbs. per ton of ingots. 

Note.—As the damper on the top of the chimney 
was open slightly, the products of combustion ac- 
counted for in the test do not represent the whole 
amount available. Had the boiler been Jarger, more 
steam could certainly have been generated. (See 
Table V.) | 


Table V. 
Il.—Waste-Heat Boiler on O.H. Furnace of 100 Tons Nom- 
inal Capacity. 


Boiler—Type: Babcock & Wilcox water-tube. 
face, 2,193 sq. ft 

Economizer—Type: 
sq. ft. 

Fan—Type: “Sirocco” 
5O in. speed, 480 r.p 

Duration of test, 77% hoae 

Readings taken at 20-minute intervals. 


Average Values of the Data Observed. 
Temperature of “products” entering boiler, 422.1° C. 
Temperature of “products” entering economizer, 232.4° C. 
Temperature of “products” entering fan, 184.4" C. 
Temperature of feed entering economizer, 40.8" C . 
Temperature of feed entering boiler, 133.5° C. 

Steam pressure per sq. in abs., 74 lbs. 

Dryness factor of steam (assumed), 0.95. 

Total water evaporated, 228.3C6 Ibs. 

Water evaporated per hour, 3,728 Ihs. 

Water evaporated per hour “from and at”, 4,045 Ibs. 

Evaporation “from and at” per sq. ft. H- S., 1.84 Ibs. 

Ilectric energy used by fan (kw.-hours), 24.2 Ibs. 

Equivalent to (brake-horse-power), 32.4. 

Draft entering boiler, 160 W.G. 

Draft entering economizer, 3.05 W.G. 

Draft entering fan, 3.15 W.G. 

Probable volume of “products” at s.t.p. passing cieanen 
boiler, economizer, and fan per hour, 600,000 cub. ft. 

Heat contents of ‘ ‘products” entering boiler at 422.1° ¢. 
in Ib. calories per cub. ft. s.t-p., 887. 

Heat contents of “products” entering economizer at 232.4° 
C. in Ib. calories per cub. ft. s.t.p., 4.73. 

Heat contents of “products” entering fan at 1&4.4° C. in Ib. 
calories per cub. ft. s.t.p., 3.72. 

From these data the heat balance-sheets in Table VI 
have been calculated. 


Heating sur- 


Green’s patent. Heating surface, 1,200 


aan Diameter of impeller, 


Table VI. 
Boiler. | 
Heat received per hour :— Lb. calories Per cent. 
In 1,528,000 ft.? “products” at 422.1° C... 5322000 91.37 


In 3,728 lbs. hot feed at 133.5° C....... 503,100 8.63 
POU G, cataion Gores Vaginal aati e cnt teas 5.825.100 100.00 
Heat expended per hour :— 
In evaporating 3,728 lbs. hot feed to 
steam at 74 lbs. abs. and dryness fac- 
160 005) coca eteiinasanahn aaa ee aes 2,360,000 40.52 
In 1,111,000 ft. “products” to economizer 
SMe Os AS ae si cael ond casas acted ce ek 2,838.000 48.72 
Other losses (by difference).............. 627,100 10.76 
TOtal -tanicaiealc a rites Sik oat inn dette aan 8 5,825,100 100.00 
Economizer. 


Heat received per hour :— 
In 1,111,000 ft.2 “products” at 2324° C. 2838000 94.9] 
In 3,728 Ibs. cold feed at 40.8° C......... 152,400 5.09 


Heat expended per hour :— 


In heating 3,728 lbs. cold feed to 232.4°C. 503.100 15.34 

In 1,060,000 ft? “products” discharged 

at 1844 Cees ain cre cca gis bo ame at ohio 2,232,000 79.11 

Other losses (by difference).......... 255,300 5.55 
ST OLA): Getnctn cnet ganeeasecceewuns 2,990,400 100.00 
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Efficiencies. 


2,360,000> 100 
Boiler — == 40.52 per cent 
2,825,100 


503,100> 100 
Keonumizer = ———————— = _ 1683 per cent 


2,990,400 
2,360,000 100 
5,474,400 

The theoretical power required to move 1,006,000 
cub. ft. of “products” per hour, their volume at 184.4 
deg. C. with a suction of 3.15 inches W.G. is :— 


1,006,000 3.15 in. X 5.2 Ibs. 
. 6€0X 33,000 


The efficiency of the fan and motor is therefore :— 
Theoretical bhp. == 832 


Actual b.h.p. taken = 32.4 


Over all = == 43.11 per cent. 


= 8.32 b.h.p. 


= 25.7 per cent. 


During the test the furnace was working at the rate : 


of 4.36 tons of ingots per hour. The amount of steam 
generated was therefore :-— 
3,728 Ibs. per hour 


= 855.3 Ibs. per ton of ingots. 
4.36 tons per hour 


If the steam generated was used in a modern tur- 
bine operating with a good vacuum to generate elec- 
tric energy, the amount generated would be :— 


228.1 kw.-hours 
Deduct amount used by fan............. 24.2 kw.-hours 
Net amount available for other work.... 203.9 kw.-hours 


equivalent to 46.77 kw.-hours per ton of ingots. Mak- 
ing the same assumptions as before, with regard to 
boiler fuel and efficiency, the fuel equivalent of the 
steam generated is 542 lbs. per furnace per hour, equal 
to 124.4 lbs. per ton of ingots. 

Note.—In this case also the fan discharges through 
a short funnel into the air, and the damper plate on 
top of chimney was slightly open, part of the “pro- 
ducts” was therefore short-circuited past the boiler. 
The furnace bottom gave some trouble during the run 
of the tests, with the result that-:the doors were open 
oftener than they should have been. A leakage of air 
was also discovered in the flue leading from the fur- 
nace, which partly accounts for the low temperature of 
the “products” reaching the boiler. 


Table VII. 
I11J].—Waste-heat Boiler on O.H. Furnace of 60 Tons Nominal 
Capacity. 
Boiler—Type: Babcock & Wilcox water-tube. Heating sur- 
_ face, 2,193 sq. ft. 
SL a Green’s patent. Heating surface, 1,200 
sq. It. 
Fan—Type: Keith & Blackman multi-vane. Diameter of im- 
peller, 50 in. Speed, 240 to 320 r.p.m. 
Duration of test, 93 hours. 


Readings taken at 20-minute intervals. 
Average Values of the Data Observed. 


Temperature of “products” entering boiler, 577.2° C. 
Temperature of “products” entering economizer, 302.8° C. 
Temperature of “products” entering fan, 171.5° C. 
Temperature of feed entering economizer, 9.5° C. 
Temperature of feed entering boiler, 132.7° C. 

Steam pressure per sq. in abs., 88 lbs. 
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Dryness factor of steam (assumed), 0.95. 

Total water evaporated, 429,213 Ibs. 

Water evaporated per hour, 4,616 Ibs. 

Water evaporated per hour “from and at”, 5.206 Ibs. 

Evaporation “from and at” per sq. ft. H:S., 2.41 Ibs. 

Electric energy used by fan (kw.-hours), 26.4. 

Equivalent to (brake-horse-power), 35.4. 

Draft entering boiler, 1.0 inch W.G. 

Draft entering economizer, 2.5 inch W.G. 

Draft entering fan,, 3.0 inch W.G. 

Probable volume of products reduced to s.t.p., 600,000 
cub. ft. 

Heat contents of “products” entering boiler at 5772° C. 
in Ib. calories per cub. ft. s.t.p., 12.47. 

Heat contents of “products” entering economizer at 302.8° 
C. in tb. calories per cub. ft. s.t.p., 6.24. 

Heat contents of “products” entering fan at 171.5° C. in 
lb. calories per cub. ft. s.t.p., 3.45. 


From these data the heat balance-sheets in Table 
VIII. have been calculated. 
Table VIII. 


Boiler. 


Heat received per hour :— Lb. calories Per cent. 
In 1,557,000 ft." “products” at 577.2° C... 6,235,000 90.95 


In 4,616 lbs. hot feed at 132.7° C....... 619,400 9.05 
Total adeusevinsenteedsanucsnneewes 6,854,400 100.00 


Heat expended per hour :— 
In evaporating 4,616 lbs. hot feed to 
steam at 88 bbs. abs. and dryness fac- 


bor 095. 25k os ce ou VR ae et ems 2,934,000 4281 
In 1,043,000 ft.* “products” delivered to 
economizer at 206.5° C..........-65- 3,050,000 44.49 
Other losses (by difference).......... 870,400 12.70 
Total’ 82 ida. ce teeaeen see wa eee 6,854,400 10000 


Economizer. 
Heat received per hour :— 


In 1,043,000 ft." “products” at 296.5° C. 3,050,000 98.57 
In 4.616 Ibs. cold feed at 9.5° C......... 43,900 1.43 
TOtal: Aasu ieee Cheese eae ees 3,093,900 100.00 


Heat expended per hour :— 


In heating 4,616 Ibs. cold feed to 132.7°C. 619,400 2.02 
In 743,200 ft* “products” discharged at 
eS? (Cy. Bike toeed eee enone te was 1,725,000 55.75 
Other losses (by difference............. 49,500 24.23 
TOtAl. ateaatenuras denies Meiw setae 3,093,900 100.00 
Efficiencies. 
2,934,000 100 
Boiler — ———____—_—- = _ 42.8] per cent 
6,854,400 
. 619,400 100 
Economizer = ————————- = _ 20.02 per cent 
3,093,900 
2,934,000> 100 
Over all = ———____—- = _ 46.73 per cent 
6,278,900 


The theoretical power required to move 743,200 cub. 
ft. of “products” per hour, their volume at 171.5 deg. 
C. with a suction of 3 in. W.G. is :— 

743,200X3-in. W.G.X5.2 Ibs. 
——$—_——_--—_—_———. = 5.8 b.hp. 
60 33,000 

The over-all efficiency of fan and motor is there- 
fore :— 

Theoretical b.h.p. = 5.86 
$$$ = 16.54 per cent. 
Actual b.h.p. taken = 35.4 


During the test the furnace was working at the 
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rate of 3.69 tons of ingots per hour. The amount of 
steam generated was therefore :— 

4616 Ibs. per hour 
$$ = 1,252 lbs. per ton of ingots. 

3.69 tons per hour 

If the steam generated was used to generate elec- 

tric energy in a turbine of the type referred to above, 
the amount would be equal to :— 


290.0 kw.-hours 


Deduct amount used by fan............ 26.4 kw.-hours 


Leaving a net amount of................ 263.6 kw.-hours 


per furnace which is available for general purposes, 
equivalent to 71.52 kw.-hours per ton of ingots. Mak- 
ing the same assumption as before with regard to boiler 
fuel and efficiency, the fuel equivalent of the steam gen- 
erated is 673.8 Ibs. per hour per furnace, equal to 182.8 
Ibs. per ton of ingots at the rate of output at which the 
furnace was working during the test. 


Note.—The fan in this case also discharges direct 
into the air through a short funnel, and during the test 
the main damper was slightly open at the top of the 
chimney. 

It will be noted that the amount of “other losses” 
in the economizer is excessively large, due either to 
the pyrometer by which the temperatures were taken 
at the outlet from the economizer reading too low, or 
by leakage of air about the economizer causing the 
assumed volume to be too low. Probably both causes 
were in operation. 


' Table IX. 


I1V.—Waste-heat Boiler on O. H. Furnace of 6€0 Tons Nom- 


inal Capacity. 


Boiler—Type: Babcock & Wilcox water-tube. Heating 
surface, 2,193 sq. ft. 

PAOn One te hy Re: Green’s patent. Heating surface—1,200 
sq. It. 

IFan—Type: Keith & Blackman multi-vane. Diameter of 
impeller, 50 in. Speed, 450 r.p.m. 

Duration of test, 99% hours. 

Readings taken at 20-minute intervals. 

The readings are shown graphically on Fig. 1. 


Average Values of the Data Observed. 


Temperature of “products” entering boiler, 438.9° C. 

Temperature of “products” leaving boiler and entering 
economizer, 303.7° C. 

Temperature of “products” leaving economizer and enter- 
ing fan, 263.5° C. 

Temperature of cold feed entering economizer, 29.30° C. 

Temperature of hot feed leaving economizer and enter- 
ing boiler, 129.2° C. 

Steam pressure per sq. in. abs., 122.7 Ibs. 

Dryness factor (assumed), 0.95. 

Total water evaporated. 471,770 lbs. 

Water evaporated per hour, 4,736 lbs. 

Water evaporated per hour “from and at,” 5,301 Ibs. 

Evaporation “from and at” per sq. ft. H.S., 2.42 lbs. 

Klectric energy used by fan (kw.-hours), 41.8. 

Equivalent to (brake-horse power), 56.0. 

Draft entering boiler, 1.00 in. W.G. 

Draft between boiler and economizer, 3.75 in. W.G. 

Draft entering fan, 5.75 in. W.G. 

Probable volume of products passing through boiler, 
economizer, and fan per hour reduced to standard tempera- 
ture and pressure. 950,000 cub. ft. 

Heat contents of “products” entering boiler at 438.9 C. in 
lb. calories per cub. ft. s.t.p., 9.26. 
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Heat contents of “products” entering economizer at 303.7" 
C. in Ib. calories per cub. ft. s.t.p., 6.26. 

Heat contents of “products” entering fan at 263.5° C. in 
Ib. calories per cub. ft. s.t.p., 5.39 . 


From these data the heat balance-sheets in Table 
NX. have been calculated. 
Table X. 


Boiler. 


Heat received per hour :— Lb. calories Per cent. 
In 2,477,000 ft. “products” at 438.9° C. 8,702,000 3.46 


In 4,736 Ibs. hot feed at 129.2° C....... 615600 6.54 
TOlall Girtiinn wehace'e ooes wordnet ee 9,407,600 100.00 


Heat expended per hour :— 
In evaporating 4,736 Ibs. hot feed to 
steam at 122.7 lbs. abs. and dryness 


faGtor O05. fe 8 i soartc8 es hee Oana ntaes 3,031 000 32.21 
In 2,006,000 ft.* “products” to econo- 
mizer at 303.7°........0..0.....0.. ".... 5,947,000 63.22 
Other losses (by difference).......... 429,600 4.57 
Ota -eacite ewes eeee ie bck eae 9,407,600 100.00 
Economizer. 


Heat received per hour :— 
In 2.006.000 ft. “products” at 303.7° C... 5,947,000 97.72 


In 4,736 Ibs. cold feed at 29.3° C....... 138,800 2.28 
A OCAl celete vite t itu ont anne Po ealeceu nets ae 6,085,800 100.00 


Heat expended per hour :— 


In heating 4,736 lbs. cold to 129.2° C. 615,600 10.12 
In 1,866,000 ft" “products” discharged 
At 2089" Cth ecto tee cated Bike 5,121,000 84.16 
Other losses (by difference).......... 349,200 5.72 
Olah co Suu wi beeen Gee tenons ahace os 6,085,800 100.00 
Efficiencies. 
3,031,100 100 
Boiler = ————_——_———— = 32.21 per cent 
9,407,600 
415,600 100 
I.conomizer = ————_————- =_ 10.12 per cent 
6,085,800 
3,031 ,000> 100 
Over all = ——_——_—- = _ 33.93 per cent 
8,930,800 


The theoretical power required to move 1,866,000 
ft.2 “products” per hour, their volume at 263 deg. C. 
with a suction of 5.75 in. W.G. is :— 


1,866,000 ft.2 5.75 in. W.G. 5.2 Ibs. 
60>< 33,000 


The over-all efficiency of fan and motor is there- 
fore :— 


Theoretical b.h.p. = 28.18 


Actual b.h.p. taken = 56.02 

During the test the furnace was working at the 

rate of 5.94 tons of ingots per hour. The amount of 
steam generated was therefore :— 


4,736 Ibs. per hour 


= 50.28 per cent. 


—_—_—_—_____—___—_—— = 796.9 Ibs. per ton of ingots. 
5.94 tons per hour 


If the steam generated was used to generate elec- 
tric energy in a turbine of the type referred to above, 
the amount would be equal to :— 


320.2 kw.-hours 
Deduct amount taken by fan............ 41.8 kw.-hours 


Leaving a ‘net amount of.............. 278.4 kw.-hours 
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per furnace which is available for general purposes, 
equivalent to 46.81 kw.-hours per ton of ingots. Mak- 
ing the same assumptions as before with regard to 
boiler fuel and efficiency, the fuel equivalent of the 
steam generated is 695.8 lbs. per furnace per hour, equal 
to 117 Ibs. per ton of ingots at the rate of output at 
which the furnace was working during the test. 


Note—The fan in this case deals with the whole 
products of combustion, and after drawing them over 
the heating surfaces of boiler and economizer dis- 
charges them back into the chimney. 


It will be noted that the efficiencies both of boiler 
and economizer are very low. This is due to the fact 
that they are too small for the volume of “products” 
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passing through them. 

That the boiler was working quite well is proven 
by the fact that it evaporated more water than No. 
IT]., although the temperature of the “products” was 
lower. The economizer, on the other hand, was not 
doing well, probably owing to the fact that it was 
working with hard water from a loch, with the result 
that the pipes may have been coated with scale. The 
high suction required at the fan inlet will also be 
noted, due to the boiler being too small, and therefore 
the spaces between the tubes not being large enough 
for the volume of “products” being drawn through. At 
the time of writing alterations are being made in the 
position of the baffles which will enable the “products” 


to flow more freely through. 


Discussion of Deformation Influence on Steel—Results of 

Experiments Made in France Indicate Desirability of Maximum 

Deformation Specifications—Choosing Localities for Test Pieces. 
By GEORGES CHARPY. 


In France many of the official specifications lay 
it down that in order to obtain certain parts it 1s nec- 
essary to effect, by means of forging, a reduction of 
the initial section of the ingot, equivalent to a given 
figure. These conditions are expressed as the “co- 
efficient of working,” which is equivalent to the ratio 
of the initial section to the final section, or what 
amounts to the same thing, the ratio of the final length 
to the original length. The minimum values assigned 
to this “co-efficient of working” are generally 3 or 4, 
and sometimes higher. The question is one that ap- 
pears to deserve examination afresh, and to be made 
the object of systematic experiments, the more so as 
the conclusions which may be arrived at may lead to 
important modifications in the practice of manufac- 
turing large forgings. 

In order to study the influence of hot-working on 


the properties of steel, it is necessary to take into con-_ 


sideration the local deformation undergone at the very 
point from which the test-piece intended to represent 
the quality of the metal is to be taken. If the external 
form of the finished piece be the only guidance afforded 
in this direction, it should nevertheless be possible to 
assume that the deformation has been uniform, at least 
in certain well-determined localities. This remark is 
sufficient to exclude, from systematic experiments, 
the use of pieces obtained by forging under the ham- 
mer or the press, at any rate under ordinary condi- 
tions. The discontinuous action of such appliances 
will, indeed, necessarily produce extremely variable 


From paper read before fall meeting of British Tron and 
Steel Institute. 
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local deformations. The successive compressions 
which allow of there being effected, under the forge or 
the hammer, the shaping of a block of metal, impart. 
to a given point in the ingot, a highly complicated 
path, in the course of which it alternately recedes and 
approaches the axis, the relative displacement of two 
neighboring points being even much more irregular. 
It is only necessary to watch an ingot being forged 
under the hammer or the press, bearing in mind what 
has just been said, to realize the great importance of 
the local deformations; it 1s more difficult to follow 
them exactly. An approximate value may be assigned 
to the variations by making datum marks on the ingot. 


It may be taken as an established fact that in a 
forging the deformation is very far from being unt- 


form, and it 1s useless, therefore, to attempt to bring 
out clearly in evidence the effects of hotworking on 
the mechanical qualities of the steel by taking test- 
pieces from forgings which have been subjected to 
more or less heavy drawing down. In rolling, the 
deformations are very much more regular than in 
forging, and they may be considered as practically 
uniform, at ary rate in the direction of rolling. Lines 
originally parallel with the axis of rolling remain rec- 
tilinear and parallel during the course of deformation. 
It may thus be recognized that the rolling of an ingot 
into bars introduces no dissymmetry along its axis: 
test-pieces taken from the same bar at equal dis- 
tances from the axis may be regarded as having under- 
gone exactly the same deformation. It would, per- 
haps, be straining matters to extend this conclusion 
to test-pieces taken at different points in the same 
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transverse section, but there is, on the other hand, a 
dominant reason to forego comparison of such test- 
pieces owing to the variations in composition and in 
structure which are inevitable in the transverse sec- 
tions of any ingot. This can be seen in comparing 
two bars of different sections by collating the results 
furnished by test-pieces taken from regions corre- 
sponding with the same fractions of the total radius. 
and therefore with the same region in the mother 
ingot. | 

The author then describes certain experiments car- 
ricd out, and endeavors to determine the influence of 
hot-working on the properties of steel. 


Experiment No. I—Three identical ingots, of 
square section with rounded corners (355355 milli- 
metres) were cast simultaneously. The metal em- 
ployed was a gun steel, made in an acid furnace from 
very pure -materials—that is to say, of the quality 
which will best serve to obtain satisfactory results in 
tests from bars cut across (perpendicular to the direc- 
tion of drawing down). These three ingots, regarded 
as identical, were rolled after having been heated un- 
der exactly the same conditions, and reduced to the 
dimensions of 225225 millimetres for the first, 
165165 millimetres for the second, and 125x125 
millimetres for the third. The co-efficients of working 
were thus 1.7, 3.2, and 6.1. From each of the resulting 
blooms test-pieces were taken for tensile tests, for 
shock bend tests, and for notch tests, with both longi- 
tudinal and cross notches. These test-bars were all 
cut from points taken from the same regions of the 
ingot both in the longitudinal and transverse direc- 
tions, and were situated at one-third of the distance 
between the surface and the axis so as to avoid the 
influence of segregation and of axial porosities; their 
axes were thus identical from all points of view, ex- 
cept from that of the “co-efficient of working.” The 
test-bars were quenched and annealed under exactly 
similar conditions (quenched from 850 deg. and an- 
nealed at 600 deg. C.), and then subjected to tests. 


(a) The tensile strength of each is practically the 
same; the elongations increase slightly, in the longi- 
tudinal samples, under hot working and decrease 
notably in the transverse test-bars, and the same thing, 
only much more markedly, occurs in regard to the re- 
ductions in area. It is, however, the variation in re- 
duction of area which alone influences the total elon- 
gation; the curves of tensile strength being practically 
identical and super-impossible, up to the breaking 
point. The fractures vary naturally with the reduc- 
tions in area; they are normal even in the transverse 


bars in the case of the bloom which has undergone, 


little deformation, and take an oblique form in the 
transverse bars which have been strongly worked. 
(b) Impact bend tests were made on two bars 
24975 millimetres, clamped at one end and sub- 
jected to the impact of a 10-kg. tup falling from a 
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height of 1 metre. None of the longitudinal bars 
could be broken by impact. The transverse bars broke 
respectively after 29, 27, and 23 blows. 

(c) Bars measuring 1010X53.5. millimetres were 
notched half-way through and tested under the drop 


Table I. 
Longitudinal Tests. Transverse Tests. 

Coeffici- Reduc- Reduc- 
entof Tensile Elonga- tionin Tensile Elonga- tionin 
working strength — tion. area strength tion area. 

7 91.2 20 111 90.9 18 76 

3.2 91.6 20 140 90.5 16 57 

6.1 90.5 22 170 90.6 12 31 


test machine. Two bars were tested from each bloom, 
the notches being given the two rectangular positions 
possible in the circumstances. The figures given in 
Table II. show the work absorbed by rupture, ex 
pressed in kilogrammetres and calculated per square 
centimetre of the section at rupture. 


Table II. 
Co-cfhcient of Longitudinal Tests. Transverse Tests. 
working. 1. 2. 1. 
| 6.5 7.1 5.3 5.8 
3.2 7.9 8.3 3.9 5.8 
6.1 99 10.1 3.5 3.5 


The variations are here much more marked and 
most sharply defined. Hot working increases the 1m- 
pact resistance longitudinally and diminishes it great- 
ly in the transverse direction, the more so the greater 
the amount of deformation. Within the limits of the 
experiment the average differs but slightly. 

Experiment No. I1.—Instead of taking several dif- 
ferent ingots two fragments from the same ingot (the 
same metal as in the preceding experiment), subjected 
to different.amounts of working, were compared. In 
the first heat the section was reduced from 355355 
millimetres to 225225 millimetres (co-efficient = 
1.7), and, secondly, a piece of the bloom thus obtained 
was submitted to a second heat and the section re- 
duced to 125125 millimetres (total co-efficient 
= 6.1). The piece from the first bloom, which had 
not been re-rolled, was replaced in the reheating fur- 
nace at the same time as the second piece, so that it 
should undergo the same heat treatment. The results 
agreed completely with those of the preceding ex- 
periment. The tensile tests are given in Table IIT. 


Table III. 
Longitudinal Tests. Transverse Tests. 
Cocffici- Reduc- Reduc- 
entof Tensile Elonga- tionin Tensile Elonga- tion in 
working strength — tion. area strength tion area. 
1.7 91.6 18 110 92.2 18 87 
6.1 91.3 22 165 92.5 14 4 


In the impact bend tests the two longitudinal bars 
did not break; neither did the transverse test-bar, 
which had been but little worked. The transverse 
test-bar which had undergone most working broke at 
the forty-second blow from the tup. Impact tests on 
notched bars are shown in Table IV. 


Table IV. 
Co-efficitent of Longitudinal Tests. Transverse Tests. 
working, 1. 2; 
l. 7.5 7.5 5.3 6.0 
6.1 9.3 9.5 3.5 gz 
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Experiment No. III.—The preceding experiments 
were carried out on metal chosen in such a manner 
as to eliminate, as far as possible,the differences be- 
tween the test-bars taken, both in regard to the 
amount of work they had undergone and in regard to 
its direction. It appeared necessary to try the second 
experiment over again on a metal of the same grade 
and of current quality (semi-hard basic steel, as used 
in the manufacture of shells). 

An ingot 355355 millimetres was taken and 
treated exactly as described above, except that in the 
heat treatment of the bars annealing was carried out 
at a higher temperature (650 deg. C.) than in the pre- 
ceding case, so as to diminish the increase in the ten- 
sile strength due to quenching and to get the metal 
into the condition of minimum brittleness. The tensile 
test results obtained were as in Table V. 


Table V. 
Longitudinal Tests. Transverse Tests. 
Coeffici- Reduc- Reduc- 
entof Tensile Elonga- tionin Tensile Klonga- tion in 
working strength — tion. areca streneth — tion area. 
1.7 70.1 18 33 70.7 11 27 
6.1 72.7 23 60.5 68.4 _ 4 8 


In the impact bend tests the two longitudinal bars 
broke after 17 and 40 blows from the tup respectively 
The two transverse bars broke after the eighth blow. 

The notched bar tests were as in Table VI. 


Table VI. 
Co-efficient of working Longitudinal tests. Transverse tests. 
1.7 2. 
- 6.1 9.10 1.50 


The experiments described confirm and emphasize 
a series of results of a qualitative nature obtained 
earlier. 

Results obtained with bars from a large ingot 
(10,000 kg. and 61 sq. decimetres section) were dis- 
tinctly inferior to those obtained with bars from a 
small ingot (800 kg. and 8.6 sq. decimetres section). 
It would therefore appear to be a certainty that, in re- 
gard to pieces tested transverscly, a mistake is made 
every time an attempt is made to improve the quality 
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by increasing the amount by which the metal is drawn 
down. 


Conclusions. 

Irom the collection of facts and considerations con- 
tained in the Paper it may be concluded that the 
amount of the deformation undergone at a high tem- 
perature by a block of steel affects the properties of 
the metal according to a complex law which involves 
the imitial state of the ingot and all the subsequent 
deformations, and the chief characteristic of which is 
to create strongly marked heterogeneity. There is 
found a variation in the properties not only of degree, 
but of nature as well, according as the direction of the 
test-bars employed varies in relation to the ptece 
whence they are derived. The total effect is far from 
being in the nature of a general improvement, as would 
appear to be looked for whenever, in specifications, a 
minimum amount of working is prescribed. It would 
appear, on the contrary, that the result 1s more injur- 
ious than useful, and that, consequently, the specifi- 
cation of a maximum deformation would be more log- 
ical. It is impossible to fix a general rule. For pteces 
working under transverse stresses, such as guns, 
drawing down Iengthwise has undoubtedly an injur- 
1ous effect, at any rate in mechanical tests required in 
inspection, and it would be better to reduce it as little 
as possible. For steel parts of more complex shape 
the problem differs in each specific case, and it would 
appear that the only guidance is by studying the con- 
ditions beforehand. The designer, who knows how 
he wants the part he has designed worked, should con- 
strue his ideas into deciding the localities from which 
test-pieces should be taken corresponding with prede- 
termined conditions; these test-pieces should be taken 
in different directions if these be the conditions under 
which the material will be employed, and the metallur- 
gist, in order to mect with these fixed conditions, 
should in each case select the type of ingot to be em- 
ploved and the nature of the deformations to which it 
is to be subjected. 


Use of Bosh Tuyeres on the Blast Furnace 


Results of Investigation at Brymbo Indicate Desirability of Bosh 

Tuyeres on New Furnace for Basic Iron—Coke Consumption 

Increased, but Quantity and Regularity in Quality Iron Improved. 
By J. HOLLINGER. 


The practice of using one or more bosh tuveres, 
tempararily installed, to rid a furnace of a particularly 
obstinate scaffold, probably dates back many years; 
in fact the French term “tuyeres de secours” and the 
German equivalent both scem to show that bosh 


Paper read before autumn mecting of British Tron and 
Steel Institute. 
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tuveres were originally used to meet emergencies only, 


nor were they, apparently, included as an integral por- 


tion of blast furnace design, anywhere, much before 
1907. 

A month or two after first putting them to work 
at Brymbo carly in 1910, the blast furnace manager 
from a large works in Germany visited the works and 
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showed the author drawings of his furnaces on which 
bosh tuyeres were illustrated. As far as the author’s 
memory serves they were said to have been at work 
about a year. During a visit to the Minette districts 
of france and Germany in the autumn of 1910, the 
author found them regularly at work on several fur- 
naces, and later visits in 1912, 1913 and 1914, showed 
that their continuous use was becoming more general 
both there and in Westphalia. Mr. Henri Verney, of 
the Société de PIndustrie Minerale, has kindly made 
inquiries for the author in France, and confirms 1907 
as approximately the date when they were first con- 
tinuously used in French practice. In the United 
States they are very rarely used even today. 


Fig 1.—Location of the Bosh Tuyeres. 


They appear to be used mainly on furnaces making 
basic iron and more particularly where the slag is high 
in alumina, though they are installed on many large 
furnaces in Westphalia using a large percentage of 
Swedish ore. 

If it were possible to obtain absolutely ideal phys- 
ical, chemical and mechanical conditions in every-day 
blast furnace practice, bosh tuyeres would probably 
be neither necessary nor desirable. If a furnace were 


correctly designed for a given output and burden, and. 


regularly so driven, bosh tuyeres would seldom be 
required, provided the size and quality of the burden. 
the temperature of the blast and other furnace condi- 
tions were kept as regular as is easily practicable on a 
modern furnace plant. Unfortunately even regular 
driving cannot be depended on in these days when sup- 
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plies of raw materials are a source of frequent difh- 
culty, and there is always the temptation to get more 
out of a furnace than it was designed for. Blast fur- 
nace practice must always, and more especially today. 
be to a great extent a.series of compromises, and bosh 
tuyeres are one of them. 

The circumstances which led to the adoption of 
bosh tuyeres at Brymbo were several years’ bitter ex- 
perience leading to the conclusion that as far as condi- 
tions there were concerned the absolutely regular de- 
scent of the burden was of greater importance than the 
absolute regularity of any one other factor in furnace 
practice. . 


The furnace which caused so much trouble would 
now be considered a mere toy, being only 48 ft. high 
from hearth to stock line, 8 ft. 6 ins. in hearth diameter. 
and 8,500 cubic feet capacity. During the last eighteen 
months of her campaign she averaged, however, over 
700 tons of basic pig iron per week on a 38 per cent 
burden, which meant that the iron in the ore charged 
at the top was tapped as pig iron eight hours later. 
She had made 550 tons a week and had run months 
without scaffolding on many occasions, but very dif- 
ferent conditions arose when the make was pushed to 
700 and even 750 tons a week. Similarly, a furnace 
making 1,000 tons a week on a 37 per cent burden be- 
came an entirely different proposition when it was at- 
tempted to obtain the same weekly output from a 30 
per cent burden. | 


Having done everything which at the time seemed 
feasible to ensure regularity in the size and quality of 
the burden and its proper distribution into the fur- 
nace, and being still troubled with scaffolds, it was 
decided that the easiest way to obviate them was to 
instal a second row of tuyeres at some distance above 
those in the hearth. No information was forthcoming 
as to the correct height above the hearth for such 
tuyeres, SO we set about getting it for ourselves on 
the larger of the two furnaces mentioned above, which 
had then been blowing about eighteen months. 


Holes were made at points “A” and “B” Fig. 1, 
above the mantle plate; 1 in. diameter steel pipes were 
securely fastened in them and registering pressure 
gauges installed on branch pipes in such a way that 
a rod could always be passed through the 1 in. diameter 
tubes to clean them preparatory to taking each read- 
ing. In practice this did not prove necessary, as the 
tubes were hardly ever found obstructed in any wav. 
Moreover, holes drilled at various points in the casing 
above the mantel plate entirely failed on every occa- 
sion to locate any accumulations on the walls above 
the bosh. One small bosh tuyere was specially in- 
stalled at “C,” and readings of the pressure inside the 
furnace were taken at regular intervals by means of 
a very simple apparatus. A similar apparatus served 
to take readings at the center of the hearth through the 
ordinary tuyeres. ‘This apparatus was pushed through 
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the bosh or hearth tuyere, the pressure read, and the 
apparatus withdrawn in about 30 seconds. 

Readings were taken at points “A,” “B,” “C,” and 
“D,” shown on sketch No. 1, every hour to begin with, 
but the difficulties of keeping the bosh tuyere open 
with blast only going through it for a few minutes to- 
gether at intervals of an hour were so great that after 
two days, readings at this point were given up. In 
normal practice, the other readings were so regular 
that after a week we only took readings during periods 
of abnormal pressures. 

The furnace was being blown with a regular vol- 
ume of air, irrespective of pressure, to a point. The 
normal blast pressure was 5 Ibs. per square inch in 
the horse shoe main; this was allowed to rise to 9 lbs. 
per square inch before the volume of air was lessened. 
If the pressure in the horse shoe main rose above 9 
Ibs., the volume of air was reduced so that the pressure 
should under no circumstances exceed 9 lbs. Readings 
taken over a period of one month showed that though 
the pressure at “C” and “D” varied over a range of 5 


A B C D 
ft. in. ft. in ft. in. ft. in. 
Doo eeeceeceeeues 20 0 12 6 8 0 5 6 
VOB) crosses 18 6 ll 6 7 6 5 3 
Bo Vind ethane 21 0 13 0 6 6 
Bes , ares aes 19 10 ll 0 5 6 
BUA) cc eee ed 19 10 11 0 5 6 
Be ete eatin 20 0 12 6 7 10 
S.  asnelaaadicees 19 0 11 0 5 3 
Ce) ane een 21 9 12 6 7 0 
Go. . seine 19 8 11 0 7 3 5 3 
6a ee 19 8 11 0 7 3 5 3 


Ibs., the pressure at “A” and “B” never varied more 
than 4 lb. Moreover, this latter variation was prob- 
ably due to some extent to the size of the material 
charged into the furnace. The supplies of ore came in 
on Mondays, Wednesdays and Fridays, and by Sun- 
day morning the bunkers were getting empty and most 
of the material drawn from them was on the fine side. 
It was invariably at such times that the pressure at 
the points “A” and “B,” shown on the diagram, was at 
the maximum. Clearly, therefore, the obstructions 
when they arose were situated between “C” and “B.” 

It was, therefore, decided to instal four bosh tuyeres 
at a height of 9 ft. 4 ins. above the center line of the 
hearth tuyeres. Each bosh tuyere is surrounded with 
a cooler and rigged in a manner exactly similar to the 
ordinary hearth tuyeres. 

The view was taken that the use of bosh tuyeres 
was incorrect, theoretically, and being anxious not to 
overdo the quantity of blast, introduced at this point, 
an internal diameter of 2% in. was selected for the 
bosh tuyeres. A few weeks’ experience showed that 
this was on the small side, and the diameter was in- 
cased to 3 in., and subsequently to 4 in. The nose of 
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the tuyere was not more than 3 in. beyond the brick- 
work of the bosh, which consisted of a complete riv- 
etted steel plate sheeting, lined with 13% in. brick- 
work. 

No break through has ever occurred anywhere in 
the bosh, nor has a hot spot above the bosh tuyeres 
ever been noticed, though on rare occasions hot spots 
occurred above the hearth tuyeres before the bosh 
tuyeres were installed. 

The table below gives a summary of information 
that a number of friends in this country have been kind 
enough to give the author and Fig. 2 serves as a key 
thereto. The table shows that the number, size and 
position of bosh tuyeres vary over a fairly wide range 
at different places. 

As to the results to be obtained by the use of bosh 
tuyeres, the author can here speak only from his own 
experience, and must rely on the members present to 
confirm or refute it from their own. 

The figures given were obtained from a furnace 
with a hearth diameter of 11 ft., a bosh diameter of 19 


Tuyeres — 
E F G H Bosh ain 
No. Dia No. Dia, 
in. ft. in. in. in. in. in. 
0 6 0 6 4 5 4 8 5 
5 9 4 6 4 6 8 5 
7 2 6 9 ae 6 3 12 56 
6 12 9 9to 5 i 4to 9 6 
6 11 9 3 5 513% 9 6 
71, 0 10% 9 6 4 6 8 5% 
5 3 10 6 4 5 4 8 5 
914 3 11% 6 4 5 4 10 6 
4 5 10 6 2% 4 2% 8 5 
0 4 2 6 3 4 4 8 5 


ft. 8 in., a stock line diameter of 14 ft., and a bell diame- 
ter of 9 ft. The height from hearth to the bottom of 
bosh was 7 ft. 3 in., from the bottom of the bosh to the 
top of the bosh 13 ft., and from the top of the bosh 
to the stock line 32 ft. 9 in., the total capacity below 
the stock line being 12,600 cubic feet (see sketch No. 
1). This furnace is blown with eight hearth tuyeres, 
those on either side of the tap hole being’ 5 in. diame- 
ter, while the other six are 514 in. diameter. The air 
blown when bosh tuyeres are in use varies from 14,000 
to 16,000 cubic feet per minute, according to the coke 
available, and in normal practice the pressure is 6 lbs. 
per square inch. 

The furnace was blown in in the late autumn of 
1908, and during the whole of 1909—running on a 35 
per cent burden—made an average of 778 tons of iron 
per week, 74.9 per cent of which contained less than 1 
per cent of Silicon, and less than 0.1 per cent of Sul- 
phur. The coke consumption over the whole period 
averaged 22.4 cwts. per ton of pig iron. Throughout 
this period the furnace was working without bosh 
tuyeres, and troubles with scaffolds were not infre- 
quent, particularly when any attempt was made to 
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increase the driving. Bosh tuyeres were inserted early 
in 1910. During the coal strike in 1912, the stock line 
was repaired, and over the whole of 1913 the furnace 
was running with four bosh tuyeres, at least three of 
which were continually open. The average make per 
week on a 37 per cent burden was 1,016 tons; 89 per 
cent of which contained less than 1 per cent of Silicon 
and less than 1 per cent of Sulphur. The coke con- 
sumption during this period was 23.1 cwts. per ton of 
pig iron. The two years, 1909 and 1913, are given, 
because in each case the furnace lining had only been 
in use about a year, and, as far as the condition of 
the furnace itself 1s concerned, the comparison there- 
fore is a sound one. 


is 


— em se 


| 


Fig. 2—Dimensions shown on accompanying table. 


After allowing for the fact that the burden in 1913 
was 2 per cent richer than in 1409, the increased output 
due to the use of bosh tuyeres may be estimated at ap- 
proximately:20 per cent. 

During the year 1916, the furnace was working on 
a very much leaner burden; the average throughout 
the year was only 30 per cent. With this, the average 
make was 872 tons a week, of which 85 per cent con- 
tained less than 1 per cent of Silicon, and less than 
0.1 per cent of Sulphur. The coke consumption on this 
burden was 25.9 cwts. Bosh tuyeres were used 
throughout the year. 

As a result of his experience, the author would 
have no hesitation in providing for the inclusion of 
bosh tuyeres in any new furnace in which it was in- 
tended to make basic iron; they could then be rapidly 
installed if occasion arose. The figures given will 
show that their continuous use at Brymbo has meant 
not only a very considerable increase in the quantity 
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of iron made, but a greater regularity in its quality. 
Against this, it cannot be dented that the coke con- 
sumption per ton of pig iron has been increased to a 
slight extent. By keeping the proportion of air blown 
through the bosh tuyeres to the lowest practicable 
minimum, the increase in coke consumption has not 
exceeded 14 cwt. per ton of pig iron, which is a small 
price to pay for the other advantages derived. Part 
of this increase may be due to the increased speed of 
driving. On a given burden there is a maximum 
economical speed of driving for every furnace; anv 
lower rate of driving results in increased fuel con- 
sumption to meet the greater radiation losses, and on 
the other hand any higher rate of driving involves in- 
complete preparation of the burden in the upper part 
of the furnace, and greatly increased work in the melt- 
ing zone and the hearth, with a correspondingly in- 
creased fuel consumption. 


When the furnace referred to is making 1,000 tons 
a week, her output of pig iron per twenty-four hours 
is one ton for every 87 cubic feet of furnace capacity, 
whereas for the most economical results from the bur- 
den we are using it should not exceed one ton of pig 
iron per twenty-four hours for every 100 cubic feet 
of furnace capacity. 


All the tuyeres at Brymbo—both hearth and bosh— 
are installed on a system which was patented some 
years ago by Mr. W. J. Foster. The patent has, the 
author believes, run out, but his experience of the 
system has been so entirely satisfactory that he ven- 
tures to allude to it here. 


The water inlet pipes to the tuyeres are coupled to 
a ring water main round the furnace in the usual way. 
buy, in addition, the discharge pipes are all coupled to 
a similar ring main placed below the tapping platform. 
This main is coupled to a syphon or pump, so that it is 
always under partial vacuum. In this way, though the 
water passing through the tuyeres may be greater in 
volume than in the usual system, the pressure in the 
tuyeres themselves is zero or below, and consequently 
it is possible to run with quite a large hole in a tuyere 
and yet admit no appreciable quantity of water into 
the furnace hearth. Not infrequently a tuyere has 
been taken out which on examination proved to have 
a hole 4 in. long, varying in width from 1/16 in. to 1% 
in., and yet the failure of the tuyeres had not involved 
any change in the grade of iron we were making. 


Many furnaces are constructed with the tapping 
platform only very slightly above pig bed level; in 
these instances, it is not such an easy matter to couple 
the hearth tuyeres on the vacuum system, but bosh 
tuyeres are always placed at such a height that it 1s 
easy to adopt the arrangement in their case, and from 
the author’s experience he would have no hesitation 
in advising everyone to do so, as leaks from bosh 
tuyeres are apt to be a good deal more troublesome 
than those at the hearth tuyeres. 
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Principles of Open Hearth Furnace Design 


Actual Calculations and Principles Involved in the Design of 


Open Hearth Furnaces—Pressure 


in Furnace—Port Ends. 


Ratio of Air to Gas Passages— Flue and Valve Diagram. 


By CHAS. H. F. BAGLEY. 
PART I. 


In order to melt steel at all the first requirement 1s 
an exceedingly high temperature, and it can almost be 
said that it is hardly possible to attain too high a flame 
temperature, provided the flame is under control and 
not allowed to impinge direct on the brickwork. As in 
the blast furnace, so in the steel furnace, output and 
efficiency are functions of the average temperature at- 
tainable, rather than of the heat units generated; for 
temperature is the factor which determines the eff- 
ciency of utilization of such heat units. The chief ob- 
ject of regenerating gas and air is thus not so much 
the recovery and return to the hearth of a proportion 
of the waste-heat units, but rather to enable a higher 
flame temperature to be reached, by means of highly 
superheating both gas and air before bringing them 
into contact. It is important, therefore, that the high- 
est possible temperatures should be reached in the 
chequer chambers, so that they may be realized in 
both gas and air on reversing; and also that the 
chequerwork should be deep enough to allow a high 
average temperature to be maintained throughout each 
reversal. Consideration of the subject of theoretical 
flame temperatures shows that to realize the maximum 
it iS important to provide not only a rich gas, but a 
dry gas and air (very important points, but outside the 
subject of furnace design), together with the mini- 
mum excess of air for complete combustion, and the 
maximum initial temperature on each. It is important 
that the initial temperatures of gas and air should be 
approximately equal throughout; for the fact of one 
being higher than the other rather implies that the 
other is less than it might have been, and the result- 
ing flame temperature correspondingly lower. In de- 
signing the furnace, these points should always be 
taken into account; and the heating surface, and sup- 
ply of heat to gas and air chambers respectively, 
should be arranged accordingly. 


Though these points may appear to be minor mat- 
ters, it should be remembered that their effect is 
cumulative, for a higher flame temperature results in 
a shorter but more intense flame, which allows more 
gas to be carried, with a greater development of heat 
in the furnace and a higher temperature of outgoing 
gases, and this, in turn, results in hotter chequers and 
a higher temperature of gas and air on reversal, and 


From paper read before fall meeting of British Iron and 
Steel Institute. 
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further increase of flame temperature, etc., till the fur- 
nace becomes considerably hotter—and the most et- 
fective way of keeping the heat down is by frequent 
charging and tapping. 

The author worked for some months on such a fur- 
nace in Germany in 1904—-carrying out the so-called 
“Martin process’—with 75 per cent of scrap, for 
spring, tyre, and axle steels, and tapping 12-ton heats 
every 414 hours as regularly as clockwork, and all 
hand-charged, too. The average make was 36 heats 
(436 tons) per week (start charging Sunday 9 p. m.— 
last tap before Sunday 6 a. m.—12-hour shifts—aver- 
age life 390.6 charges—repairs cost 2.03s. (bricks and 
labor)—wages cost 3.80s.—cval consumption 25.54 per 
cent. —ingot yield 95.34 per cent-) ; while some new 50- 
ton furnaces, machine-charged, at the neighboring 
works of Thyssen at Mulheim, making plate steel by 
the same process, were getting 18 to 20 charges (900 
to 1,000 tons) weekly and a life of 460 to 520 charges. 

A keen furnace is especially important for such 
practice, so that the charge can be melted quickly 
(without risk of losing the carbon), and the proportion 
of pig-iron and lime used (and slag made) reduced 
accordingly ; thereby also reducing the period of boil- 
ing for tapping, and speeding up the whole process. 


The effect of moisture on the flame temperature of the 
gas should be thoroughly appreciated, and the amount 


present kept down by all simple and reasonable means 
—1. e. producer coal should be dry and protected from 
the weather, and excess of steam in blast (passing 
through undecomposed) should be avoided. In the 
chequer ohambers it is liable to dissociate into H. and 
free oxygen, which at once attacks hydrocarbon gases 
and/or CO present, so that partial combustion takes . 
place in the chambers at the expense of the quality of 
gas arriving at the furnace. 

Before proceeding to the subject of combustion and 
volumes, it is well to consider the conditions of pres- 
sure, existing in the furnace, flues, and valves, etc.. and 
the forces behind gas and air, and in the chimney. The 
incoming gas will usually have behind it an initial 
pressure of 1 to 2 in. w.g., but is reduced by the regu- 
lating valve to suit the requirements of the furnace: 
while behind the incoming air there is only the differ- 
ence in density between two columns of air of atmos- 
pheric and regenerated temperatures respectively, and 
of height equal to that between the bottom of the 
chequer chambers and the level of the air port. 
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A RAPID METHOD FOR THE DETERMINATION OF 
GRAPHITIC CARBON. 


Each year brings an increase in the demands on chemists 
doing foundry work. The increase in the production of cast 
iron containing steel scrap in variable proportions, and the 
recent investigations on cast iron has brought the foundry to 
a point where the element carbon is being considered. 


The following rapid method has been found suitable for 


routine work in determining total and graphitic carbon in — 


cast iron. A brief description of the combustion furnace and 
train will give an idea of the apparatus used. 


Oxygen under pressure is conducted through a Y-glass 
tube to a Fleming mercury gaye at one end, and from the 
other end to a potassium hydroxide (K OH, 1:1) jar. (& 
and A, 2796c.) It next goes to a jar (E and A, 27/96e), the 
lower half of which contains CaCl:, the upper half soda lime, 
then to a mercury valve tube (E and A, 2796a), then to a 
Hoskins combustion furnace with 24-inch jJuartz tube glazed. 


The outlet part of the train consists of a zinc jar (E and 
. A2796h), and phosphoric anhydride jar (E and A, 27961). 
The gas is collected in a Vanier absorbent and weighing jar 


THIMBLE 


RUBBER BANO 


RUBBER STOPPER 
e 


SUCTION FLAS/T 


Sketch of apparatus. 


filled with liquid potassium hydroxide (K O H, 1:1) and 
stick (broken) potassium hydroxide. At the outlet end of 
the furnace a platinum couple is inserted with a small pres- 
sure tight quartz tube through a two-hole stopper so that 
the couple end is about over the boat position in the furnace. 
The apparatus is tested for leakage by using aspirator bot- 
tles. 

Samples of cast iron are ground to pass a 60-mesh sieve. 
For total carbon twice the actor weight (0.5454 gram) is 
placed in an alundum boat filled with 90-mesh alundum. Bet- 
ter results are obtained with the use of red lead. From one 
to two grains of red lead are placed in the alundum boat and 
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the iron sample distributed on the red lead. It is advisable to 
run a blank determination on the red lead. 


Boat Placed in Furnace. 


The boat is placed in the furnace which is at 1750 to 1800 
degrees F. and oxygen passed at about 200 cubic centimeters 
per minute. The combustion proper is complete in from six 
to eight minutes and from 12 to 15 mmutes more is ample for 
forcing all the gas through the train into the weighing 
apparatus. 


For the graphitic carbon determination a one-gram sam- 
ple (60 mesh) is transferred to a 150 cubic centimeter beaker, 
40 cubic centimeters of nitric acid (1.13) is added and gentle 
heat applied until the solution is complete. It is then boiled 
for five minutes and the graphite allowed to settle. Filter 
into the thimble as described below using hot water. Wash 
five times with hot dilute hydrochloric acid, then 10 times 
with hot water. Place the thimble in a drying oven at 110 
degrees C. for 30 minutes, then place in the combustion fur- 
nace, open end in first, and proceed for regular carbon de- 
termination. : 

The thimble is a Norton alundum extraction thimble No. 
7338—R. A. 360, measuring 15 millimeters outside diameter 
by 90 millimeters high. This is placed into a carbon filter 
tube 16 millimeters inside diameter and an air-tight joint 
made by using a rubber band, as shown in the accompany- 
ing illustration. A regular suction flask and water filter 
pump is used. 

The following table gives some of the results obtained: 


Total Carbon Graphitic Carbon 
Red Lead Used 


No. Sample Per Cent Per Cent 
1 Gov. Iron C............. 2.80 2.30 
2. Gov. Iron, D............ 2.49 1.90 
3. 25 per cent steel........ 3.00 2.20 
4. Govelron C............. 2.81 2.29 
5. Gov. Iron D............ 2.48 1.89 
6. 25 per cent ssteel........ 3.02 2.19 
7 Gov. Iron C............. 2.80 2.29 


The 25 per cent steel sample was a cast iron in which 25 
per cent of steel was used in the mixture. This iron analyzed 
as follows: Manganese, 0.60 per cent; silicon, 1.80 per cent: 
sulphur, 0.107 per cent; phosphorus, 0.40 per cent—From paper 
read before American Foundrymen’s Association. 


STOKER MANUFACTURERS ASSOCIATION. 


At a meeting in Cleveland on August 1, 1918, an associa- 
tion was formed of the stoker manufacturers of the United 
States. The principal reason for getting together was to 
place at the disposal of the government the entire facilities 
of the stoker industry to the end that everything possible 
might be done to help out in the national emergency. Even 
after the war, however, it is expected that great benefit will 
be obtained by the Association members in the discussion 
of subjects of interest and value to the stoker industry; in 
the advancement and improvement of that industry; in the 
standardization of stoker manufacture and application: and 
in the promotion of a spirit of coGperation among its mem- 
bers for improved production and increased application of 
stokers. Practically all of the builders of mechanical stokers 
are included as charter members of the association. 
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The first steel work to be fabricated at the plant of the 
Birmingham Steel Corporation, Birmingham, Ala., now in 
course of construction, will be for the erection of a new unit 
to the steel works. The initial contemplated capacity of the 
plant will be increased by the construction of this extension 
and arrangements have been made to secure material for 
rolling shapes as soon as the plant is in position to fabricate. 
It is expected that by next March the entire works will be 
producing material for the Mobile Shipbuilding Company, 
with which it is affliated, for the construction of steel ves- 
sels. Work in the meantime will be devoted to the comple- 
tion of the first unit of the plant and following, the second 
unit, as now planned, affording maximum production in the 
spring for fabricated material for shipbuilding. Henry Leon 
Brittain is president. 


The Milliken Brothers Mfg. Company, Woolworth Build- 
ing, New York, recently organized to succeed Milliken 
Brothers (Inc.), established 1857, is planning for the estab- 
lishment of a steel fabricating works in the vicinity of New 
York. The former plant of the company at Milliken, Staten 
Island, is now being used by the Downey Shipbuilding Cor- 
poration for the construction of vessels for the government. 
The proposed new plant of the company will be used for 
the production of sections used for the Standardized Truss 
Unit System, a patented system of all-steel building con- 
struction designed by J. E. Jennings, vice president and sec- 
retary of the new organization. Both the Army and Navy 
departments of the United States government ordered this 
system for the construction of airplane hangars, balloon 
buildings and other structures, while one of the government 
shell-loading plants has over 250 buildings of this type of 
construction. The new works will also be provided with 
facilities for the manufacture of galvanized steel transmis- 
sion towers, galvanized steel wireless towers and special 
steel poles. Such structural shapes as angles, channels, etc., 
are used in the manufacture of these specialties. C. T. Clack, 
for many years with the United States Steel Corporation, is 
president; and Robert Grant, iron and steel merchant, treas- 
urer. 


The Vulcan Steel Products Company, 120 Broadway, New 
York, manufacturer of iron and steel specialties, 1s reported 
to be negotiating for the purchase of the steel works of C. 
Pardee, Market street, Perth Amboy, N. J., known as the C. 
Pardee Works, heretofore used for the production of billets, 
bars, etc. The property is located on the bank of the Rari- 
tan river, in the western section of the city, extending to 
Smith street, adjoining a tile works operated by the Pardee 
interests. It is said that following purchase, the new owner 
plans for additions and improvements to increase the pres- 
ent capacity. 


The Midvale Steel & Ordnance Co., Widener Bldg., Phil- 
adelphia, Pa., has commenced the erection of several addi- 
tions to its Nicetown steel works for increased capacity for 
the manufacture of guns for the government. The new ex- 
tensions will include a one-story building, about 175x275 ft., 
to be equipped as a forge shop, estimated to cost $50,000; 
improvements and extensions in the present pattern works, 
and electric power plant, about 44x45 ft. for works opera- 
tion. 

The ordnance department, United States government, has 
purchased a tract of property consisting of 17 acres of land 
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at Fox, Roberts and Stokley streets, Philadelphia, as a site 
for a proposed new gun manufacturing plant. The new 
works, it is understood, will be equipped for the production 
of large caliber guns, and will include all departments of 
operation for the finished product. 


The New York Shipbuilding Company, Camden, N. J., 
has commenced the construction of a new plate and angle 
shop at its plant to replace the structure recently destroyed 
by fire with loss of about $200,000 In connection with the 
new works of the company now in course of erection, a plate 
and angle shop, about 200x790 ft., will be constructed, said to 
be one of the largest structures of its kind ever erected. The 
structure will be provided with machinery and equipment for 
handling structural shapes of all kinds for shipbuilding work. 
The entire plant, including other structures devoted to steel 
operations, is estimated to cost between $8,000,000 and $10,- 
CO0,000. M. A. Neeland is president. 


The War Industries Board, Washington, has authorized 
the North Alabama Rolling Mill Company, Sheffield, Ala., to 
make extensions and improvements in its plant to cost about 
250,000 . The proposed work will include an addition to 
increase the present capacity, and a number of important im- 
provements in the existing works to facilitate production. 
The plant is being used for the production of steel products 
for the government. 


Construction of the superstructure for the new addition 
to the plant of the McClintic-Marshall Company, Pottstown, 
Pa., has been commenced, and it is expected to have the 
structure ready for occupancy at an early date. The new 
building will be used for the fabricating of steel for ship 
construction and with equipment is estimated to cost about 
$500,000. The structure will be about 390x590 ft. The works 
will be devoted to government construction. 


The Witherow Steel Company, Pittsburgh, Pa., has ac- 
quired the property and works buildings of J. E. Meyers at 
Penn Station, near Jeannette, Pa., for a consideration of about 
$75,000. The company has been operating a plant at Neville 
Island which will be closed down through the government’s 
occupancy of this site for a new gun works. The property 
purchased, consisting of about 334 acres of land, with two- 
story buildings, averaging about 50x150 ft. and 30x50 ft. will 
be occupied by the steel company as soon as the necessary 
machinery and equipment can be installed, transferring a 
portion of the work now being done for the government 
under contract, at the Neville Island plant, to the new loca- 
tion. 


The Bethlehem Steel Company has recently blown in its 
No. 13 furnace at the Steelton, Pa., works. The furnace has 
been out of service for some time past. The Republic Iron 
& Steel Co., Youngstown, O., is said to be planning to blow 
in its No. 3 furnace at an early date. The Alabama Company, 
Birmingham, Ala., has completed repairs to its furnace at 
Ironaton, and is planning to shut down a second furnace 
at this plant for repairs and improvements. The company 
is also planning to blow in its second furnace at the Gadsden 
works. 


The Columbian Iron Works, Chattanooga, Tenn., is plan- 
ning for the rebuilding of its shell works recently destroyed 
by fire with loss estimated at about $75,000. The company 
has been operating its plant for the production of material 
for the government. 
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BY-PRODUCT COKE FOR FOUNDRIES. 


| by TV. AL GALLIGAN. 

It scems but a very short time ago when by-product coke 
was looked upon by foundrymen as unsuitable for cupola 
tuel, and a thing to be avoided. The peculiar appearance 
of by-product coke was responsible to a great degree for 
this prejudice. Coke from by-product ovens was not taken 
seriously’as a real metallurgical fuel, because it appeared to 
be everything that the so-called standard beehive coke 1s 
not, and to have nothing in the way of the many excellent 
qualities that the beehive coke possesses. There could be no 
cumparisons because the two classes of coke are different 
things, and therefore, cannot be considered together, It 
these views had been correctly appreciated the history of the 
by-product coke oven would have been completely written 
before this time. It was not until 1807 that the production 
vt by-product coke in the United States began to be a 
noticeable curve on the total coke production chart. 

On Aug. 1, 1918, only two decades later, the production 
of by-product coke, plus the capacity of by-product ovens 
then building, was equal to the beehive coke production as 
of Aug. 1, 1918 It 1s estimated that the production curve 
uf by-product coke will cross the beehive curve before the 
end of 1918 and when this 1s accomplished it is doubttul if 
beehive production will ever again equal by-product ton- 
nage. The vast increase in government requirements for by- 
products as well as coke, has hastened the installation of 
many by-product oven plants that ordinarily would not 
have been built so soon, but the natural development of the 
by-product industry would have crossed the curves in a very 
few years by a continuance of the prewar increase. The 
needed increase in coke production could hardly have been 
accomplished through the beehive type of oven, as coal ton- 
nave is available for by-product oven use that the beehive 
type cannot coke satisfactorily. The modern by-product 
oven has had its development in the short space of 20 years. 
It is assuredly all modern, even including the types that the 
coke master of today considers out of date. The most pro- 
nounced change and improvement has been in size, the 414- 
ton capacity oven of 20 years ago having grown to a 15 and 
2U-ton capacity oven in the most recent installations, yet the 
small ovens are in some cases still performing their daily 
tasks in a most creditable manner. 

The presence of a by-product coke plant ts a pronounced 
asset to adjacent foundries and should be the source of their 
eoke supply if it can be arrangaed. Foundrymen should get 
in close touch with the new ovens and see that the best 
coke for their purposes is produced. Do not leave all the 
work of experimenting in the hands of the coke man. Bea 
party to the development of a suitable produce, and do not 
expect to withhold your support until the ovens are produc- 
inv exactly the kind of coke you want or need. The foun- 
dryman does not know in many cases what is wrong with a 
certain. coke which may not suit him and therefore it is 
dithcult for him to do much real co-operating in its improve- 
ment. If the foundryman, however, has the real spirit of co- 
operation and interests himself in working the problem out. 
he will at least get some very valuable information and wil! 
also probably get a better coke. 


From paper read before Milwaukee meeting of American 
Foundrymen’s Association. 
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Coal Mixtures a Factor. 


In the case of some ovens, the most favorable branch of 
trade may be other than foundries, for instance, blast fur- 
naces. A good blast furnace coke is not always a Satisfac- 
tory cupola coke. A change in coal mixtures may be neces- 
sary to get the right foundry product. The volume of avail- 
able foundry tonnage may not be sufficient to warrant or per- 
mit constant operation of a portion of the coke plant on 
foundry coke. Foundrymen should then group their orders 
and have the coke plant make special runs for them on desig- 
nated days, if such a thing can be arranged. The ovens may 
be located where the disposition of undersized coke is dith- 
cult or impossible. In this case the foundryman should not 
exact the usual foundry screening, but accept run-of-oven 
coke and use the small coke in core ovens, etc. 

I have presented this matter on the theory that ability to 
obtain coke near home is of more advantage to the foundry- 
man than his patronage is of value to the coke plant, and 
this 1s true in a great many instances. The foundry con- 
sumption is less than 10 per cent of coke production, so it is 
apparent that cupola tonnage is not of great importance to 
some coke plants, while ability to obtain a coke supply nearby 
is an asset to the foundryman. He is the one to suffer from 
delays in transit, etc., not the shipper. 


Why Does Coal Coke? 


For those ovens making a specialty of foundry coke no 
urging by the foundryman should be necessary and gener- 
ally speaking it is not. AIl possible care is taken in the 
selection of proper coals for the character of the coke de- 
pends largely upon the character of coal or coals used to 
produce it, as well as the degree of heat and the method of 
applying it. Considerable investigation has been made upon 
the subject of what makes coal coke, but tt is not yet certain 
what controls this. A French chemist, M. Lemoine. has 
isolated a substance which he calls “carbene,” and which he 
thinks is the real essence. The bureau of mines of the United 
States has conducted extensive experiments and written the 
story of its conclusions, but after all not much is known 
about the subject. The only way to determine it satisfac- 
torily is by test, when it is found some coals will coke and 
some will not. 

While the precise coking substance 1s not known, it 1s 
recognized in general that the resins that were contained in 
the original vegetable matter from which the coal was 
formed constitute the cementing body necessary in the manu- 
facture of coke, and the presence of the proper percentage 
of these resins is essential for the coal to be of good coking 
quality. When there is an excess of these resins as in the 
fatty gas coals, a good coke can be made by adding a proper 
percentage of a coal which is deticient in the resins, and which 
perhaps has other advantages such as a low ash or a low 
sulphur content. 

All coking coals will not mix, for coals are like people 
—some do not take well to others. For two coals to coke 
together well, it is important that they should be coals which 
become plastic at practically the same temperature. With 
the modern by-product oven it is possible to produce good 
coke from coals that were formerly considered inferior. The 
modern plan involves the mixing of coal so as to correct 
with one coal the deficiencies that may exist in one or two 
others. 
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WOMEN IN INDUSTRY. 

The one factor that looms largest in industry today 
is employment. The draft has taken 2,0000CO men and 
may take 3,060,000 more. To maintain each soldier it is esti- 
mated that 614 persons are required in industrial lines, which 
means 32,5CC,0CO transferred from peaceful pursuits or private 
life to war activities. This is a fact that should be realized 
now; “the path of failure runs along the stream of procras- 
tination.” 

But how are we to get this vast army of workers? The 
answer is: Older men, boys and women—there are no fair 
weather signs in the labor skies otherwise. 

There are today 1,500,000 women in war industries alone; 
in canneries, textile mills, knitting mills, munitions plants, 
shoe plants and elsewhere in this country, and in England 
they are employed even in shipbuilding, a ship having been 


here today. It is found that the greater the percentage of 
women the greater the output. 

“The forthcoming monthly bulletin of the bureau of labor 
statistics shows that in a 10-hour day women are able to 
turn out twenty-four 9-inch shells, whereas 10 or 11 is the 
average for men.” 

In order to obtain a consensus of opinion upon the sub- 
ject of women in industry, a questionnaire was mailed some 
months ago to manufacturers all over the country and to 
prominent labor leaders as well. 

A condensation of the replies shows that the need for 
more labor power exists and will become increasingly 
urgent as time proceeds. 


Two Principles to Follow. 
‘The questions of ability, adaptability, reliability and pro- 


launched on the Clyde recent- 
ly built almost entirely by 
women labor. They are at the 
lathe, at the forge, in rolling 
mills and foundries abroad and 
for many years have been em- 
ployed by the Germans at 
Krupps, at Creuzot in France 
and elsewhere. They are en- 
gaged as section hands on rail- 
roads, as conductors on. sur- 
face roads and subways, in tan 
wards, papermaking, glass bot- 
tle making, woodworking; in 
potteries, brickyards, metal 
spinning, paint and_ varnish 
making, sugar refineries and in 
so many other occupations we 
have been accustomed to look 
upon as belonging exclusively 
to men that there is not space 
to catalog them here. 

Many increases in produc- 
tion might be cited, but one 
will serve to illustrate our con- 


In the industrial world today there ts probably no 
froblem of more vital importance than the question of 
“Industrial Relations.” By this we mean the adjustment 
between the two apparently divergent factors—the ne- 
cessity for increased production and the lack of skilled 
lubor. This problem is not a temporary one, whether 
the war ends six months or 10 years from now, old con- 
ditions have gone and for economic reasons will not 
return for a long time. After the war, each civilized 
nation will endeavor to maintain a sufficient trade to pay 
its debts. Competition will be increasingly keen. The 
United States in particular is just starting the solution 
of a problem which has alrcady been solved to a marked 
degree of effictency by European nations. For these 
reasons “The Blast Furnace and Steel Plant” has de- 
cided to maintain a regular department devoted to thts 
topic. The experiences of our readers are earnestly 
sought, in the hope that through our columns we may 
disseminate information beneficial to the industry and 
its members regarding this problem. 

We shall from time to tune discuss methods which 
have been employed in other industries than the steel 
industry, insofar as such experience may be funda- 
mentally applicable to the steel industry. 


This department was formerly devoted to “Industrial 
Safety.” From now on we shall recognise safety mat- 
ters only as one of the factors entering into the prob- 
lem of industrial relations. 


ductivity all having been de- 
termined in their favor, there 
remains the factor of reward. 
As a rule, it has been the prac- 
tice to pay women less than men, 
but the present crisis will elimi- 
nate the differential, as it should, 
a square deal becoming the rule 
instead of the exception. 


One principle which would be 
given consideration in the mat- 


ter of using women is as fol- 
lows: 


Most of the women who will 
go into industry are the future 
mothers of the race and the 
wives of our sons. Another 
which must be adhered to in 
safeguarding our women its: 


There must be no charity 
about what is done nor must the 
attitude toward them be a pat- 
ronizing one. 


With these in mind, we can 
proceed to. the matter of our 


tention. We are not person- 
ally conversant with the circum- 
stances, but are reliably  in- 
formed that in the core-room of the Bessemer Foundry Co., a 
job previously costing about $5 was done by women for 
$1.80. That’s going some! 

The need for workers will not end with the war, for 
I.urope must be rebuilt—and that largely by America. Years 
will be required; hundred of thousands of foreigners are 
preparing to return to their own countries and their places 
must be filled. Our returning army will not be sufficient to 
supply the demand. 

As further evidence of the ability of women, note the 
following from the New York Sun of March 9, “British 
women have clearly demonstrated their superiority over men 
in the manufacture of gun shells. Sixty-one per cent of 
all the shellmakers in Great Britain are women and this dilu- 
tion of labor is continuing rapidly, it was stated officially 


*Abstract, of paper prepared by C. E. Knoeppel and M. J. 
House and presented before the last meeting of the American 
Foundrymen’s Association. 
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questionnaire. 


The questionnaire attracted 
no little attention and we understand that it will be a subject 
for discussion at the next meeting of the industrial better- 
ment committee of the National Association of Manufac- 
turers. A great many requests have already been made for 
the conclusions, including government officials interested in 
the subject. 


To place results of this investigation in the most logical 
order, it was decided to rearrange the subject as follows: 


A—The Work to be Performed by Women. 
B—Find the Women. 
C—Selection of Women. 
D—Training Women. 
Fk—Wages, Hours and Fatigue. 
l—Working Conditions. 
G—Living and Social Conditions, 
H—State Laws. 
I—Co-operation of— 
1—Labor Unions. 
2—Women’s Organizations. 
3—Government. 
J --Post-Bellum Considerations. 
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F, J. Ryan has resigned as secretary-treasurer and gen- 
eral manager of the Electric Furnace Construction Com- 
pany, Philadelphia, and disposed of his interest in that organ- 
ization, to become secretary-treasurer and general manager 
of the American Metalurgical Corporation, Franklin Trust 
Bldg., Philadelphia, in which he is a stockholder. The Amer: 
ican Metalurgical Corporation controls the Philadelphia 
Klectric Corporation, producer of steel castings, with a plant 
located at Conshoken, Pa., of which Mr. Ryan is general 
manager. 

yy ¥v 

George W. Peffer, general superintendent of the open 
hearth department of the plant of the Republic Iron & Steel 
Co., at Youngstown, has resigned to become manager of the 
works at Buffalo for the Donner Steel Company. 

y ¥ 


C. I. Crothus, head of the blast furnace department of the 
Youngstown plant of the Republic Iron & Steel Co., has been 
promoted and his duties include that of general superinten- 
dent of the open hearth department. 

vo 

W. KE. Leventry, who has been with the Republic Iron & 
Steel Co., about six months has been appointed superinten- 
dent of the open hearth department. 

Vev 

S. R. Vanderdeck resigned as vice president of the Elec- 
tric Furnace Construction Company, Philadelphia, and has 
been elected president of the American Metalurgical Cor- 
poration, Franklin Trust Bldg., Philadelphia, which concern 
is erecting an experimental plant at Conshocken, Pa., where 
tests on steel and alloys will be conducted. 

Vv 

Frank P. Fahy, consulting engineer, Hudson ‘Terminal 
Bldg., New York, has been awarded the John Scott legacy 
medal and premium for the development of the Fahy per- 
meameter, by the city of Philadelphia, acting on the recom- 
mendation of the Franklin Institute. 

Vv 

W. C. Munn, purchasing agent for the Brier Hill Steel 

Company, Youngstown, Ohio, has resigned to take a, posi- 


tion in the ordnance department of the government at Wash- - 


ington, and will be succeeded by Mr. Ilgenfritz. 
Vv 
Adolphus O. Brackert, recently elected to the presidency 
of the American Foundrymen’'s Association, at its annual 
convention in Milwaukee, is a native of Cleveland, is vice 
president and general manager of the Penton Publishing 
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Company, secretary-treasurer of the Foundry Supply Manu- 
facturer’s Association and the Molding Machine Manufac- 
turer’s Association and secretary of the Foundry Equip- 
ment Manufacturer’s Association. He has been active in 
aasocietion work for many years. 
Vv 
John J. Agnew has accepted a position with the Mesta 
Machine Company, Pittsburgh, Pa., on the sales staff in the 
roll and mill department. Mr. Agnew was connected for sev- 
eral years with the Pittsburgh Iron & Steel Foundry Com- 
pany, Midland, Pa., as manager of roll sales. 
vy ¥ 


C. P. Perin, who has been connected with the Tata Iron 
& Steel Co., Calcutta, India, is returning to New York by 
way of Cape Town and London and was met in London by 
F. L. Lindemuth. 
yy 
Harry Urban, formerly superintendent of the Fairfield 
by-product plant of the Tennessee Coal, Iron & Railroad Co., 
has been appointed general manager of the Woodward Iron 
Company. 
Vv 
John J. Muir, for the past 18 years affiliated with the Bass 
Foundry & Machine Co., has resigned as superintendent of 
the engineering department, to become general superinten- 
dent of one of the largest shipbuilding organizations on the 
Pacific Coast, located at Seattle. 
Vv 


A. G. Lapierre of the northwestern regional directors 
office of the United States Railway administration, has been 
appointed traffic manager for the Chicago Pneumatic Tool 
Company, with offices in Chicago, succeeding E. H. Greene. 

VV 


W. W. McMillan, purchasing agent and Frank R. Ander- 
son, assistant for the Malleable Castings Company, were 
transferred from the Sharon, Pa., works to the main office 
at Cleveland. 

i 


F. L. Estep has become affiliated with the consulting en- 
gineering firm of C. P. Perin and S. .M. Marshall at No. 2 
Rector street, New York. He was formerly chief engineer 
for the Nova Scotia Steel & Coal Co, Ltd., New Glasgow. 
Ns 

Vv ; 

Thomas MacDonald, consulting engineer of the Carnegie 
Steel Company, Youngstown district, has been made chair- 
man of the Youngstown Council of National Defense com- 
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mittee to supervise new construction to comply with the new 
ruling, that no new progress involving an outlay of more 
than $2,500 may be undertaken without Federal permission. 
VX 
Seymour Wheeler has been accepted for training at the 
officers’ camp at Zachary Taylor, Louisville, where he will 
train for service in the field artillery. He was treasurer for 
Pickands, Brown & Co., sellers of pig iron and ferro-alloys. 
vv 
Willis Warner has been appointed general chemist and 
placed in charge of the open hearth and blast furnace labor 
laboratories, for the Republic Iron & Steel Co., to succeed 
T. J. Davies, resigned. Joseph Mayberry succeeds Mr. War- 
ner at the Bessemer laboratories. 


Vv 


William J. Priestly, division superintendent of the forge, 
machine shops and founderies for the Bethlehem Steel 
Company, at Bethlehem, Pa., has resigned. 

Vv 

Dwight D. Miller has been appointed manager of .New 
York office of the Electric Furnace Company, Alliance, Ohio, 
recently opened in Room 1806, 15 Park Row. 


VV 
Charles M. Smith has been appointed superintendent of 
the foundry operated by the Nelson Bronze Company, Sagi- 
naw, Mich. He was formerly affiliated with the Michigan 
Steel Casting Company, and Detroit Steel Casting Company, 
of Detroit. 
Vv 
Charles B. Wilson, vice president and general manager 
of the Ferro Machine & Foundry Co., of Cleveland, has been 
elected a director, with the office of vice president in charge 
of production for the Curtiss Aeroplane & Motor Corp., Buf- 
falo, N. Y. . | 
Vv 
R. J. Mullaby has been named superintendent of the Mac- 
Donald Bar Mills of the Carnegie Steel Company, Youngs- 
town, Ohio, to succeed W. U. Dennison, transferred to other 
work. 
Vv 
H. L. Mode has been appointed manager of the crane 
department for Young, Corley & Dolan, Inc. He was for- 
merly sales engineer in the crane department of Manning, 
Maxwell & Moore. 
Voev 
Capt. Paul Liewellyn of the Interstate Iron & Steel Co., 
Chicago, who was commissioned in the gas defense division 
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of the chemical warfare service, in the United States army, 
has recently received his commission as major, the same 
service, v -¥ 
Willard E. Freeland, for three years New England editor 
of the Iron Age, has resigned to accept the position of 
assistant to General Manager John E. Otterson of the Win- 
chester Repeating Arm Company, New Haven, Conn. 
Vv ¥ 
Robert I. Clegg, vice president of the Gardiner Printing 
Company, Cleveland, formerly editor of Castings, has been 
appointed New England editor for the Iron Age. 
¥y ¥ 
J. F. Shea has been made works manager for the Delta 
Machine & Foundry Co., Brooklyn. He was formerly fore- 
man of the pattern shop operated by the Lake Torpedo 
Co., Bridgeport, Conn. 
Viv 
Henry A. Butler, chief of the order department for the 
Youngstown Sheet & Tube Co., Youngstown, Ohio, expects 
to sail shortly for Europe to do Red Cross work. 
a 
A. E. Brown, formerly general manager of the Chicago 
and Alton Railroad at Detroit, has been appointed man- 
ager of the railroad department of the Truscon Steel Com- 
pany, Youngstown, Ohio. 
Vv 
George H. Aykrod has. been made superintendent of the 
12 and 18-inch mills of the Saucon plant of the Bethlehem 
Steel Company, South Bethlehem, Pa. He was until recently, 
superintendent of the rolling department of the Pittsburgh 
Crucible Steel Company, Pittsburgh, Pa. 
Vv 
C. B. Cushwa, for the past 17 years general superinten- 
dent of the Youngstown Iron & Steel Co., and its successor 
the Sharon Steel Hoop Company, Youngstown, has been 
appointed general superintendent of finishing mills for the 
Brier Hill Steel Company, Youngstown. 
¥. ¥ 
E. L. Tuck has been engaged by the Dayton Molding 
Machine Company, Dayton, Ohio, in an important sales 
capacity. Mr. Tuck was formerly superintendent for T. 
McAvity and Sons, Ltd., St. John, N. B., Canada. 
i 
J. Leichman, formerly with the American Locomotive 
Company, Schenectady, N. Y., was recently appointed superin- 
tendent of the foundries operated by the Rathbone-Sard & 
o., at Albany, N. Y., and Aurora, Ill. 
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SMOKE PREVENTION, COAL SAVING SUGGESTIONS 


Just at this time when the conservation of coal is an abso- 
lute necessity and every practical suggestion for such con- 
servation is a shot at our enemy, everyone realizes that smoke 
issuing from boiler stacks represents unused heat units, but 
everyone does not realize that certain simple rules, if observed 
in the fire room, will materially decrease this loss. The sug- 
gestions herein are based on many years’ experience of the 
Westinghouse Electric & Mtg. Company’s combustion en- 
gineers and are briefly outlined below. 


1. Give your fireman an opportunity to acquire the fund- 
amental principles of fuel burning. 

2. If you have a difficult fuel problem, consult a combus- 
tion engineer. 

3. Prevent smoke by proper firing methods. 

4. Use gauges to indicate exactly the condition of firebed 
at all times. As a minimum these gauges should consist of 
draft gauge indicating draft in furnace above fuel bed, draft 
gauge indicating draft at boiler side of flue damper and a 
steam flow meter for individual boilers. 

5. COs is the principle product of complete combustion 
of coal. Ten to twelve per cent CO: should be obtained in 
flue gases to insure minimum fuel loss. 

6. Avoid loss due to unburned coal in the ash. 

7. If you are wasting exhaust steam, you are wasting coal. 

8. Do not permit grates to clog. A systematic method 
of keeping the air spaces clean must be followed. 

9. Inspect the baffles in boilers as broken or leaky baf- 
fles raise the flue gas temperature and waste coal. 

10. Avoid leaking in of cold air around boiler setting. 

11. Install stokers. Hand firing is rapidly being recog- 
nized as an obsolete and wasteful method of firing. 

12. Clean scale from tubes as every particle of scale rep- 
resents wasted coal. 

13. Avoid soot formation. All boiler tubes should be 
blown externally once every eight hours when in continuous 
service. 

14. All smoke flues should be as short and straight as pos- 
sible. Flues should also be made air tight and all joints and 
connections should be well fitted, caulked and riveted. Use 
asbestos gaskets on cleanout doors. 

15. Locate flue dampers in front of boiler so that fire- 
man will adjust them as required. Dampers located in rear 
of boilers are seldom disturbed regardless of conditions. 

16. The size of coal has much to do with capacity and 
eficiency of boilers. In general, the air pressure penetrates 
the fuel bed formed by coarse coal easier than that formed 
by finer coal, resulting in disturbance of best furnace condi- 
tions. 


In addition to the above suggestions, the following “don't 


fail to do” list should be followed. 

Don’t fail to: 

Keep the heating surfaces of the boilers free from soot, 
scale or oil 

Keep the fires level and free from holes. 

Do not carry the fires so thin as to draw a lot of excess 
air through. 

Do not carry the fires so thick as to have incomplete com- 
bustion of the coal. 

Do not soak the coal with water before firing. 

Be sure the blow-off valves do not leak. 
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Do not have the safety valve popping off continually. 

Cover steam pipes. 

Do not waste steam through leaky valves or traps. 

Never use live steam if exhaust steam is available and 
can be used as well. 

An observance of the foregoing simple rules and sugges- 
tions should materially reduce the coal consumption of the 
average plant. 


WALL TYPE SWITCHING UNIT. 


A new wall type switching unit for the control of alternat- 
ing current circuits up to 300 amperes and 2,500 volts has been 
brought out by the General Electric Company. The unit con- 
sists of an industrial type oil circuit breaker with a space 
above which serves as a housing for disconnecting switch, 
current and potential transformers and also provides a loca- 
tion for either volt-meter or ammeter or both when desirable. 

Following along the lines of safety-first principles, the 
disconnecting switch is interlocked, mechanically, with the 
oil circuit breaker so that the switch cannot be opened when 
the breaker is closed, nor can the breaker be closed while 
the disconnecting switch is open. A key projecting through 
the front of the pane! is used to operate the disconnecting 
switch. This key can be removed when the switch is open, 
and carried by the operator who then is assured that no one 
will close the switch while he is working on lines or ap- 
paratus on the circuit controlled by this unit. The interior 
of the switch compartment is inaccessible while the switch 
is closed and the oil tank cannot be removed while the dis- 
connecting switch or oil circuit breaker is alive. 

These switching units are particularly adapted to the con- 
trol of circuits feeding banks of transformers; motors in steel 
mills and pumping plants, where it is desirable to mount the 
motor control appliances on walls or pillars. 

‘The units are self-contained and may be considered as 
‘safety first” in every particular. 

Wall type units are designed for single or group mounting 
and have a large bus compartment just above the disconnect- 
ing switch and inside the cast iron housing. Condit con- 
nection with the unit can be made from above, below or from 
cither side. 


CAR SWITCH ELEVATOR CONTROL. 


Single-speed passenger and freight elevator service re- 
juiring car-speeds up to 150 feet per minute can be success- 
fully handled by Westinghouse type FE elevator control, which 
is used with compound-wound direct-current elevator motors. 

The control is quiet in operation and the car on which it 
is used is always under complete direction of operator. Some 
of the features of type F. control panel are, (1) the direc- 
tional contactors mechanically interlocked, (2) line contac- 
tor, (3) accelerating contactor, (4) contacts interchangeable. 
(5) accelerating contactor is electrically interlocked with di- 
rectional contactors, (this prevents damage to motor fram 
reversing without starting resistance in circuit), (6) flexible 
shunt relheves all bearings from carrying current, (7) depend- 
able time element dashpot, (ratio between resistance steps 
cannot be tampered with) (8) adjustment for time of accelera- 
tion easily made, (9) resistor mounted on panel, (10) all ap- 
paratus mounted on pipe frame-work. 

The acceleration is smooth and uniform, being effected 
automatically and thus entirely independent of the operator, 
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it is impossible to injure the electrical apparatus by careless 
or ignorant manipulation of a car switch. 

The control is designed with time limit acceleration with 
capacity for handling 10 H.P., 115 volts, or 20 H.P., 230-550 
volts direct-current motors. ‘ 

The apparatus is very simple, consisting of a control panel, 
a car switch and such elevator safety devices as may be de- 
sired. 

The switch closes the circuit through the contactors, a 
shunt circuit energizes the brake magnet and releases the 
brake. If the car switch is returned to the “off” position, or 
if any of the safety devices operate, the control circuit is 
opened, the brake magnet is deenergized, and the brakes are 
immediately applied. 

The safety devices most commonly used are the emer- 
gency switch to be used by the operator in case of accident 
to the car switch; machine-limit and hatchway-limit switches, 
which operate automatically to prevent accidents from over- 
travel should the operator for any reason fail to release the 
car switch; and door interlocks, which prevent the starting 
of the car until the door is properly closed. 

The car switch elevator control (type E) is used with 
alternating current squirrel-cage motors of 20 horsepower, 
with a maximum of 220-440-550 volts. It is of the 25 and 60 
cycles, 2 and 3 phases type. 


STEEL GRIP GLOVES. 


A new steel-grip glove has been placed on the market by 
the Halcomb Safety Garment Company, of Chicago, Ill. The 
vlove proper is made of chrome leather and sewed close 
with steel thread. This means that the glove is rip-proof. 
Men working at the hammer and furnace handling hot steel 
experience a good deal of troubie with their ordinary cloth 
sloves tearing or burning through. In the above style glove 
this is practically impossible and their palms, fingers and 
thumbs are reinforced with small steel ribbons. They are 
clinched with a patented process so that the workman can- 
not hurt his hand. This type of glove is flexible, pliable and 
comfortable and can be used not only by men at the furnace 
but by the men handling stock in the shop or steel shed. 
These gloves are approved by a number of safety engineers 
in the country and reports show that they prevent accidents 
and incidentally costly delays in production. 


ENAMELED RESISTANCE UNITS FOR CURRENT 
REGULATION. 


Enameled resistance units for regulating current have 
been developed in various forms and sizes by the General 
Electric Company of Schenectady, N. ¥. Some of the appli- 
cations to which these units have been put are railway and 
fire alarm signals, fractional horse power motors, and loco- 
motive headlights. They are also used extensively in series 
with relay, contactor and circuit breaker coils on panels 
and switchboards. They will be found particularly applicable 
in mimes and similar places where a great amount of damp- 
ness and moisture are present. These units are unique in 
their ability to withstand unusually high temperatures as well 
as sudden changes in temperature from one extreme to the 
other. 

The resistance wire or.conductor 1s wound either upon a 
steel body coated with a special refractory enamel or paint 
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and high heat resisting silicate compound developed to with- 
stand sudden extreme temperature changes without cracking 
or weakening or in any way being injured. The steel body 
is preferred for extreme lengths where strength for a long 
Span is required and is especially serviceable where the 
unit might be subjected to severe vibration or shock. 


The refractory silicate body is used for most of the 
ordinary types of resistance. The compound employed is far 
superior to porcelain or any equivalent ceramic products 
which are easily cracked or weakened mechanically by re- 
peated and extreme temperature fluctuations. 


After being wound upon the proper body the conductor 
is embedded in a blue vitreous enamel and is fused until 
it has a uniform glossy structure, at a temperature of about 
1000° €. This enamel is moisture and heat resisting and 
forms a mechanically strong casing for the conductor. Enam- 
els of the type used are extremely durable and maintain 
their dielectric strength and mechanical properties indefi- 
nitely. 


SQUIRREL CAGE ELEVATOR MOTOR CONTROL. 


An elevator control to be used with squirrel cage motors 
in sizes up to and including 20-horsepower at car speeds not 
exceeding 150 feet per minute has been built by the Westing- 
house Electric and Manufacturing Company, East Pitts- 
burgh, Pa., for both freight and passenger service. 


The equipment of this elevator control, type E, i sextreme- 
ly simple, consisting of a small control panel mounted on 
the wall somewhere near the motor, a car switch, by means 
of which the operator controls the movement of the elevator 
cars; and such elevator safety devices as may ve desired. 


A line contactor and two mechanically interlocked di- 
rectional contactors are mounted on a black marine finished 
slate base. The motor, being started with full line voltave, 
requires no secondary or accelerating contactors. 


The equipment of this elevator control, type E, is extreme- 
operation. AIl parts are easily accessible for inspection or 
repairs. The contacts are graphite to graphite of the butt 
type (no sliding contacts used), and are interchangeable for 
the various contactors. 


The same contacts may be used for alternating-current 
and direct-current type E controllers for both car-switch 
and push-button operation. 


The car switch closes the line contactor and one of the 
directional contactors, and thus starts the car in the desired 
direction. 


A black marine finished slate panel is furnished with a 
pipe frame for floor mounting, and carries a main-line con- 
tactor, two directional contactors, which are mechanically in- 
terlocked, and an accelerating contactor, controlled by a 
large air dash-pot for cutting out the starting resistance 
and series field. The resistors are mounted on the rear of 
the panel, making the control apparatus a complete unit which 
can be mounted in any convenient place near the elevator 
motor, and rendering all parts easily accessible for inspec- 
tion at any time. 


Provision is made on the directional and line contactors 
for a shunt brake circuit, which, when the control circuit is 
completed, energizes the brake magnet and releases the 
brake. 
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E. P. Cooke has assumed the duties 
of sales manager of the Fawcus Ma- 
chine Company with headquarters at 
their Pittsburgh office. Mr. Cooke still 
retains his interest in the Armstrong- 
Cooke Steel Company which he organ- 
ized after leaving his enyineering posi- 
tion with the Corn Products Company 
of Chicago. . 

Freyn, Brassert & Co. and employes 
have subscribed the sum of $33,700.00 to 
the Fourth Liberty Loan. The total 
amount of Liberty Bonds of all issues 
held by the firm of Freyn, Krassert & 
Co. now amounts to $100,000.” 


Freyn, Brassert & Co. have licensed 
the Pittsburgh Crucible Steel Company 
to install and use on the new blast fur- 
nace now building at Midland, Va, a 
Brassert patented gas washing and dry- 
ing unit for cleaning the total gas of this 
furnace. This brings the total number 
of Brassert gas washing and drying units 
to 64. 

Morris & Company of Chicago, have 
just placed an order with the Locomo- 
tive Pulverized Fuel Company, 30 
Church street, New York, for equipping 
their steam power plant at Oklahoma 
with a complete “Lopulco” system for 
crushing, drying, pulverizing and burn- 
ing coal. They expect to use native 
coals and to make use of Texas lignite. 
The power plant contains seven Kdge- 
moor boilers having a total of 3,100 
horse power, all of which are to be 
equipped. 
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Valve Control—“Facts” is the title of 
the new eight-page two-color descrip- 
tive booklet recently issued by the Cut- 
ler- Hammer Manufacturing Company 
of Milwaukee and New York, which 
illustrates and describes the Dean valve 
control and its application to large 
valves. ‘The booklet lays special em- 
phasis on the fact that by the application 
of Dean valve control to water mains at 
strategic points a great deal of the dam- 
age caused by bursting water mains may 
be averted. The Dean valve control 
consists of a high torque motor which 
opens and closes the valve gate, a limit 
mechanism which automatically discon- 
nects the motor at the completion of the 
gate travel and one or more remote con- 
trol stations from which the valve can 
be operated. The valve operating mech- 
anism can be attached to the valve while 
it iS in service and without affecting the 
service. This control system can also be 
adapted to large screw type valve and 
may be used for either municipal or in- 
dustrial applications where it is desirable 
to open and close the valve rapidly or to 
have the control of the valve located 
somewhat distant from the valve itself. 


Gates—The Beaumont Manufacturing 
Company, Philadelphia, Pa., has issued 
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Catalog 37, giving descriptions, illus- 
trations and dimensions of standard 
Beaumont gates for controlling the flow 
of granular materials from bunker. The 
design of ash pits under boilers and the 
correct gate to use for this purpose are 
illustrated. 


Gas Producer Agitators — Chapman 
Kingineering Company, Mt. Vernon, 
Ohio. Bulletin No. 8, describes their 


floating agitator with automatic feed for 
bringing up-to-date old-style hand-oper- 
ated gas producers. It is claimed that 
this machine, installed on any hand 
poked producer, approximately doubles 
its capacity, improves the quality about 
30 per cent, eliminates hand poking and 
vives a very uniform flow of gas. Some 
of the distinctive features are: 1. The 
coal falls evenly upon the entire fire bed 
simultaneously. 2. The rotating feed 
drum is built on a slight taper so that 
the clearance between it and the casing 
may be easily adjusted to prevent leak- 
age of gas. 3. The slicing bar or agi- 
tator “floats” up and down with the fire- 
bed, thus adapting itself automatically 
to the varying height of the fire-bed. 
4. A special tooth roller is provided in 
the coal hopper to prevent the hanging 
up of fuel. It also serves as an auxil- 
lary coal crusher. Remarkable results 
obtained in various. steel works are 
given. The bulletin is an attractive sam- 
ple of printing. 

C-H Standard Attaching Devices is the 
title of the new two-color envelope 
folder being distributed by the Cutler- 
Hammer Company of Milwaukee. Spe- 
cial emphasis 1s given to the fact that 
the C-H “Standard” Attaching Cap fits 
all C-H “Standard” plugs and _ recep- 
tacles as well as the standard plugs and 
receptacles of five other leading manu- 
facturers. The folder illustrates 21 of the 
various attaching devices manufactured 
by this company. They include numer- 
ous types of flush, surface, conduit fit- 
ting, and metal mounting receptacles, be- 
sides motor attachment plugs. cord 
connectors and current taps. These de- 
vices have the N. 16. C. “standard” rating 
of 10 amperes, 250 volts with the excep- 
tion of the standard attachment plue and 
current taps which have the maximum 
screw shell or socket rating of 660 watts. 
The folder lists the complete line of at- 
taching devices, giving carton and stand- 
ard package quantities, and price of each 
catalog number. The usual space is pro- 
vided on the first page of the folder for 
dealers’ and jobbers’ imprint. 

Soldering Irons—Two descriptive leaf- 
lets illustrating and describing C-H Sol- 
dering Irons and C-H Automatic Safety 
Racks for electric soldering irons, have 
recently been issued by the Cutler-Ham- 
mer Company of Milwaukee, Wis. These 
leaflets are known as Publication 403 and 
404. The former enumerates the advan- 
tages to be secured through the use of 
an automatic safety rack. This rack 
keeps the iron at a safe temperature be- 
tween periods of use; allows full cur- 
rent to flow as soon as the iron ts lifted 
from the rack; insures against fire and 
waste, and speeds up work. 
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The latter points out that war time 
work requires efficient tools and as such, 
the electric soldering iron consumes no 
fuel or current, except when in actual! 
use; does not vitiate the air; is safe for 
both the experienced and inexperienced 
employe, and reduces fire hazard. 


Heat Treating Furnaces—The Tate 
Jones & Co, Inc., furnace engineers, 
Pittsburgh, have just published a new 
catalogue which describes and illus- 
trates their furnaces of large capacity. 
Many’ interesting illustrations appear in 
the booklet. 


Graphite—The United States Graphite 
Company, Saginaw, Mich., has just is- 
sued a new general catalog, No. Al. 
This booklet contains detailed informa- 
tion relative to lubricating graphite. 
greases, paints, etc., in addition to the 
product prepared especially for use in the 
steel industry. It also includes a group 
of micro photographs and a report of an 
exhaustive test made by Mr. Willis Law- 
rence, chief engineer of the Interborough 
Rapid Transit Company of New York, 
both of which are of great interest. 


Obituary 
Obituary 
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Frank I. Parker of the Cutler-Ham- 
mer Manufacturing Company, Milwau- 
kee, Wis., died at his home in Milwau- 
kee on October 18, at the age of 36 
years. His death was due to pneumonia 
contracted through Spanish influenza. 
Mr. Parker was graduated from the Uni- 
versity of Wisconsin in June, 1906, and 
in July became engineer in charge of 
production in the Magnet and Clutch 
Department of the Cutler-Hammer Com- 
pany. His early work was with lifting 
magnets made by this company being 
responsible for many of the exclusive 
features of these magnets as well as de- 
signing several of its magnet and motor- 
operated brakes. Since 1911, Mr. Parker 
has had charge of sales service work on 
Clutch Department products. He was 
made an associate member of the Amer- 
ican Institute of Electric Engineers in 
1910 and in 1913 became a member. He 
is survived by his widow and one child. 


Chas. F. Forster, 335 South Grove 
avenue, Oak Park, Illinois, president o7 
the Forster-Waterbury Malleable [ron 
Works, Franklin Park, Illinois. died 
October 15 of a complication of diseases. 
Funeral services were held at the resi- 
dence and the hody was shipped to Pitts- 
burgh, Pa., for interment in Uniondale 
cemetery. He is survived by his widow, 
Mrs. Nancy Reid Forster and two chil- 
dren, Mrs. Sherwood Haines” and 
Thomas H. Forster. He was _ for 
many years with the Carnegie Stee! 
Company, at the Homestead Steel 
Homestead, Pa. but later 
was with the Iroquois Furnace Com- 
pany, at South Chicago. At the time 
of his death he was a member of the 
Forster- Waterbury Malleable Iron 
Works at Franklin Park, Illinois. 
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| You Progressive Steel 
| Mill Engineers 


Have you our recommendations for the application of 
Hyatt Roller Bearings to your steel mill equipment? 
Are you working them up now or has the necessary in- 
creased production of steel kept you so busy that you 
have put our proposition to one side, temporarily? 


= 


You should get those blue prints out now, tor the use 
of Hyatt Roller Bearings on roller tables, cars. and plate 
castors insures dependable equipment—an important 
factor in producing steel in the quantity required now. 
Hyatt Roller Bearing equipped tables operate day in and 
day out without costly stops for repairs. Hyatt Roller 
Bearing equipped cars carry their loads surely and with 
less power; they run as easily in the Winter as in the 
Summer. Hyatt Roller Bearing equipped plate castors 
enable fewer men to handle plates rapidly and precisely. 
If you have our layouts for your equipment, it will pay 
you to start work on them now. If we have not yet 
worked up anything for you, get in touch with our 
engineers at once. 


HYATT ROLLER BEARING COMPANY 


METROPOLITAN TOWER, NEW YORK 


Manufacturers of bearftngs for mine cars, ore cars, steel) 
mill cars, roller tables, trolleys, cranes, hoists, machine 
tools, line shafts, countershafts, concrete machinery, textile 
mnachinery, conveyors, lift trucks, industrial trucks, rail- 
Wav service ears, stornge battery locomotives, ete. 
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